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INTRODUCTION 
Cereal grains as food generally are regarded as an 
energy source rather than a protein sourceo In reality, 
however, cereals contribute 68% of the plant protein used 
for direct human consumption worldwide, whereas legumes con­
tribute only 18% (Jalil and Tahir, 1973). On a global 
basis, cereal grains are an important source of protein, 
particularly in developing countries. Therefore, increasing 
the amount of protein produced per unit land area could have 
a beneficial impact on human nutrition. In the past, 
attempts to increase protein per unit area were hindered by 
several factors including the availability of a rapid, 
accurate, and inexpensive method for measuring protein and/or 
amino acids (Oram and Brock, 1972), but recent advances in 
instrumentation make it possible to rapidly analyze small 
samples for protein content using infrared reflectance spec­
troscopy (Williams, 1979; Jackel, 1978). 
Oat {Avena sativa L.) grain protein is unique among the 
cereals. First, it has a higher caryopsis (groat) protein 
content than other cereals (Miller, 1958). Second, the 
amino acid balance and, therefore, the biological value of 
oat grain protein is good (Bobbins et al., 1971), whereas 
that of barley (Hordeum vulaare L.), corn (Zea mays L.), 
sorghum (Sorghum bicolor L.), and wheat (Triticum aestivum 
L.)-is poor (Mosse, 1966), Third, the amino acid composition 
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of oat protein is nearly constant at all grain protein 
percentages (Peterson, 1976), whereas in barley, sorghum, 
and corn, as protein percentage is increased, a dispropor­
tionate increase occurs in the prolamin fraction (Frey, 
1951a; Viuf, 1969). Thus, breeding for increased protein 
content in oat grain is not complicated by changes in the 
amino acid composition of the protein. Oat protein is pri­
marily globulin (Czonka, 1941), which contains a higher pro­
portion of lysine than other protein fractions (Draper, 1973), 
and lysine is the primary limiting amino acid in most cereals 
(Mitchell and Block, 1946). 
Variation for grain protein exists in Avena species 
(Bobbins et al., 1971; Frey, 1977), and this trait is heri­
table (Campbell and Frey, 1972b). Protein percentage in oat 
grain can be increased genetically, but as with other crop 
species, such an increase is usually associated with a reduc­
tion in grain yield. However, exceptions to this negative 
relationship in oats have been observed by Sraon et al. 
(1975) and Iwig and Ohm (1978) who developed oat lines in 
which protein percentage was increased without reducing 
grain yields, and Frey (1977) who isolated oat lines in 
which grain yield was increased without a reduction in 
groat-protein percentage. 
The general objective of my study was to examine rela­
tionships between grain protein and grain yield of oats. 
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considering groat-protein percentage and grain and protein 
yields per hectare as the criteria of measurement. High-
protein oat lines with normal grain yields were mated to 
high-yielding lines with normal protein percentages to 
create populations of segregates for study. The specific 
objectives were: 
1. To evaluate the associations among the traits 
groat-protein percentage, grain yield, and protein 
yield; 
2. To examine the progeny of the matings for the 
prevalence of transgressive segregates for groat-
protein percentage, grain yield, and protein yield; 
3. To ascertain whether increases in protein yield per 
hectare are due primarily to increases in groat-
protein percentage, grain yield, or a combination 
of both traits; and 
4. To assess whether the primary component that con­
tributes to increased protein yield (i.e., groat-
protein percentage or grain yield) varies among 
matings, and whether such variation, if existent, 
is due to the parental source of high-protein genes. 
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LITERATURE REVIEW 
Cereal grains comprise a major source of food consumed 
•worldwideÎ consequently, grain protein content of cereals is 
of prime importance in nutrition. All cereal grains contain 
starch as their principal component with protein as the 
second highest constituent (Inglett, 1977). Genetic varia­
bility exists among and within cereal species for the quan­
tity of protein produced per unit area and for the nutrition­
al quality of the protein which is dependent upon amino acid 
composition. Lysine is the primary limiting amino acid in 
cereal grains (Mitchell and Block, 1946j Monyo, 1977; 
Robbins et al., 1971; Smith et al., 1959; Van Etten et al., 
1967; Whitehouse, 1973), but certain cereals also have a 
secondary amino acid deficiency of methionine, phenylalanine, 
arginine, threonine, or tryptophan (Whitehouse, 1973). 
Accounts dating back to the 1920s generally have shown 
oat protein to be nutritionally superior to the protein of 
other cereals with the exception of rice (Oryza sativa L.) 
(Frey, 1977; Hartwell, 1926; Jones et al., 1948; Mitchell, 
1924; Osborne and Mendel, 1920; Robbins et al., 1971). Oats 
have a higher biological value than other cereals for two 
reasons. First, of the four single proteins of cereal grains 
(based on solubility), i.e., albumin, globulin, glutelin, 
and prolamin (de Man, 1976), oats have a low proportion of 
prolamin, the fraction nearly devoid in lysine and low in 
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some other essential amino acids (Doll, 1977; Draper, 1973; 
Frey, 1976; Johnson and Lay, 1974; Mosse, 1966; Peterson, 
1976). Wheat, rye, and barley contain 30-50% prolamin, 
maize and sorghum contain 50-60%, rice contains only 1-5%, 
and oats contain 10-16% (Czonka, 1941; Brohult and Sandegren, 
1954; Mosse, 1966; Whitehouse, 1973; Johnson and Lay, 1974; 
Peterson, 1976), 
Second, as protein content of oat groats increases, 
the amino acid content remains nearly constant (Frey, 1951b, 
1977; Hischke et al., 1968; Robbins et al., 1971), whereas 
in maize, sorghum, barley, and wheat, the prolamin fraction, 
which is devoid of lysine, increases more rapidly than the 
other fractions (Bishop, 1928; Frey, 1951a, 1976; Hansen 
et al., 1946; McElroy et al., 1949; Viuf, 1969). Peterson 
(1976) concluded that the amino acid balance in oat groats 
(caryopses) was stable over a wide range of protein percent­
age because; (a) about 80% of the oat protein is globulin 
(Czonka, 1941) and, therefore, the amino acid composition of 
oats is similar to this protein fraction, and (b) globulin, 
which has about five times the lysine concentration of the 
prolamin fraction, increases more than the other fractions 
(Doll, 1977; Draper, 1973; Johnson and Lay, 1974). Since oat 
protein retains its original biological value as the grain-
protein percentage increases, breeders need not search for 
genes that reduce prolamin concentrations (Frey, 1973, 1976, 
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1977), such as opaque-2 and floury-2 in corn (Mertz et al., 
1964; Nelson et al., 1965) or hiproly in barley (Hagberg 
and Karlsson, 1969; Munck, 1970). 
There is considerable variation for protein percentage 
among oat genotypes. A range of groat-protein percentages 
from 12.4-24.4% with a mean of 17.1% was obtained for 289 
A. sativa lines evaluated by Robbins et al. (1971). Frey 
(1973) analyzed 3300 A. sativa lines from the Oat World 
Collections and found a range of 7.8-21.9% for grain-protein 
percentage. Based on these data, Frey (1977) suggested that 
it should be possible to elevate the groat-protein percentage 
of oats above the 14-17% currently found in commercial culti-
vars. Great variability for groat-protein percentage occurs 
in A. sterilis, a weedy hexaploid oat from the Middle East. 
Groat-protein percentage has been found to vary from 22d 
to 31.4% by Briggle et al. (1975), and other workers reported 
27,3% (Ohm and Patterson, 1973a), 28.0% (Campbell and Frey, 
1972b), and 35.0% (Frey, 1977) groat protein for this species. 
Martens et al. (1979) studied the protein content of several 
Avena species from different countries and found A. sterilis 
from Iraq was highest, ranging from 20.7 to 31.0%, and a 
mean of 26.7%. A. vaviloviana (range 16.80-22.13%, mean 
18.80%) and A. abyssinica (range 13.89-22.13%, mean 17.84%) 
had higher whole grain percentages than did A. sterilis. 
Rines et al. (1980) evaluated 723 samples of A. fatua and 
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obtained a mean groat-protein content of 22.6% (range 16.7-
21,130) for this species. Therefore, it may be advantageous 
to use genes from more than one Avena species in breeding 
programs to increase the protein percentage in oats, since 
the alleles involved may differ. Iwig and Ohm (1978) 
cautioned, however, that some very high groat-protein per­
centages reported for A. sterilis may be due to the low seed 
yield and poor adaptability of this species when grown in 
the continental USA. 
Inheritance patterns for groat-protein content are 
important if one attempts to utilize the genetic variation 
available for protein percentage from the whole Avena genus. 
Bell (1948, as cited by Jensen, 1961) concluded that a 
genetic basis for crude protein content existed in oats 
since significant varietal differences occurred when tested 
across several environments. Frey et al. (1954) studying 
the oat mating CI 5298 x Huran, found that protein content 
was determined by a large number of genes with dominance for 
low protein percentageo In three other matings, Frey et al. 
(1955) found that high grain protein content could be either 
dominant or recessive depending upon the mating studied, 
partial dominance for low groat-protein percentage was ob­
served by Iwig and Ohm (1976), Ohm and Patterson (1973b), 
and Sraon et al. (1975). Frequency distributions for groat-
protein percentages in ten matings of A. sativa x A, sterilis 
8 
studied by Campbell and Frey (1972b) suggested that 
(a) groat-protein percentage was sinply inherited, possibly 
due to a large number of linked loci on a few chromosomes to 
give the impression of simple inheritance, (b) additive gene 
action was operating in six matings, and (3) duplicate epis-
tatic gene action caused low protein percentages in four 
matings. 
Other researchers (Cox, 1979; Iwig and Ohm, 1976j Ohm 
and Patterson, 1973a,b; Tantivit and Frey, 1974), who studied 
A. sativa x A. sterilis matings, found that general combining 
ability was much more important than specific combining 
ability for groat-protein percentage, indicating that addi­
tive gene effects were responsible for most of the genetic 
variation for this trait. Iwig and Ohm (1978) found that 
additive genetic and additive x additive epistatic effects 
accounted for most of the genetic variation in their matings. 
In generals protein content in oats is quantitatively in­
herited with low protein percentage being dominant. 
Generally, heritability for groat-protein percentage in 
oats is higher than grain-yield heritability, but lower than 
that of heading or plant height. Standard unit heritabili-
ties for groat-protein percentage reported by Frey (1975) 
for single plants and their progeny ranged from 0.35 to 0.49, 
with a pooled value of 0.43. Realized heritability in the 
same study was 1.20. Other heritability values reported for 
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groat-protein percentage were (a) 0,41, 0.57, and 0.30 when 
computed via variance components on per-plot and per-
experiment bases and regression of F4-F3, respectively 
(Campbell and Frey, 1972b), and (b) 0.41 on a narrow sense 
basis (Sraon et al., 1975). Selection for groat-protein 
percentage in oats should be successful since the herita-
bilities for this trait are generally moderate to high. 
Interspecific hybridization of oats using A. sterilis 
germplasm has been examined as a way to increase grain-
protein content of cultivated oats. Iwig and Ohm (1976) re­
ported that A. sterilis genes for high groat-protein percent­
age could be transferred to good yielding agronomic lines. 
In two of six matings between A. sativa and A. sterilis 
derived lines. Cox (1979) observed transgressive segregates 
which suggested complementary gene action for high groat-
protein genes from the two species. Briggle (1971), Campbell 
and Frey (1972a), Lyrene and Shands (1975), and Spilde et al. 
(1974) obtained segregates with high groat-protein percentage 
from A. sativa and A. sterilis matings, but unfortunately, 
high groat-protein percentage was associated with the A. 
sterilis plant and kernel characteristics, long thin groats, 
dark lemmas, shattering, late flowering, jointed awns, low 
groat percentage, tall plants, and abscission spikelet 
separation. Briggle (1971) and Campbell and Frey (1972a) 
suggested that, to obtain high protein, A. sativa-tvpe lines 
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from interspecific matings, breeders could; (a) concentrate 
selection for high protein lines in matings which contribute 
high frequencies of agronomically acceptable plants, (b) se­
lect from extremely large populations of segregates for A. 
sativa-tvpe lines, and (c) backcross interspecific hybrids 
to good A. sativa lines to increase the A. sativa gernplasm 
in the segregating population before selection is begun. 
Iwig and Ohm (1976) suggested initiating recurrent selection 
with agronomically acceptable progeny with, moderate protein 
from A. sativa x A. sterilis mating to concentrate high-
protein alleles. Iwig and Ohm (1978) were able to identify 
agronomically acceptable lines with genes for high groat-
protein content. Progeny with the highest groat-protein 
percentage segregated from matings that involved the best A. 
sativa lines (those with the highest groat-protein percentage). 
Mutagen studies have been suggested as an alternative to 
hybridization to create genetic variation for increased pro­
tein percentage. And indeed, mutations for increased protein, 
percentage have been induced in wheat (Narahari and Bhatia, 
1975; Parodi, 1975), barley (Ulonska et al., 1975) and oats 
(Frey, 1977; Jalani and Frey, 1979) via chemical and radiation 
treatments. Mutations for increased groat-protein percentage 
in oats caused by ethyl methanesulfonate (EMS) (Frey, 1977; 
Jalani and Frey, 1979) were associated with concomitant muta­
tions for reduced grain yield (Frey, 1977; Jalani and Frey, 
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1979). Jalani and Frey (1979) found that, upon mating EMS-
treated and nontreated plants, one segregate had normal grain 
yield and increased groat-protein percentage. Ulonska et al. 
(1975) stated that it was "necessary to use top yielding, 
protein-rich varieties and strains for mutation breeding 
programs for protein improvement," 
Researchers generally have found a significant negative 
association between grain-protein percentage and grain yield 
for corn (Frey, 1951a; Dudley et al., 1971), wheat (Bhatia, 
1975; Grant and McCalla, 1949; Pepe and Heiner, 1975; Stuber 
et al., 1962), barley (Grant and McCalla, 1949; Zubriski 
et al., 1970), rice (Mohanty and Reddy, 1972, as cited by 
Vijayachandra and Mohanty, 1977; Narahari and Bhatia, 1975), 
sorghum (Finkner et al., 1981; Malm, 1968; Worker and Ruckman, 
1968), and oats (Clamot and Castille, 1977; Dhorne and 
Grignac, 1978; Jenkins, 1969; Iwig and Ohm, 1978; Sraon et 
al., 1975; Takeda et al., 1979). However, some exceptions 
have occurred where nonsignificant negative or even positive 
correlations were found between grain-protein percentage and 
grain yield in cereals. For example, among segregates from 
a mating of Kota and Marquis wheat, Clark and Quisenberry 
(1929) obtained correlations of -0.124 and -0.281* between 
grain-protein percentage and grain yield. Atlas 66, a wheat 
derived from the Brazilian variety Frondoso, shows not only 
a high yield but a significantly higher protein percentage 
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than other soft red winter varieties (Johnson et al., 1969, 
Middleton et al., 1954a). Frey (1977) noted that the pro­
tein percentage and grain yield of Atlas 66 are inherited 
independently. Atlas 66 has been used to create hard red 
•winter wheat lines that produce good grain yields and high 
protein contents (Johnson et al., 1969, 1973; Pavlov, 1980). 
Ellison et al. (1977) found correlations between grain 
yield and grain-protein percentage ranging from 0,33 to 
-0,95 for progenies from six wheat matings. Progeny from 
matings involving the parent Tr380 (a line with moderate 
yield and high grain-protein percentage) exhibited positive 
correlations between these traits. 
Further, Middleton et al. (1954b) and Ohm and Patterson 
(1973a,b), working with oats, reported nonsignificant corre­
lations between grain yield and protein percentage. I wig 
and Ohm (1978) and Sraon et al. (1975) found that genes for 
high groat protein from A. sterilis could be transferred into 
agronomically acceptable, high yielding lines, and Frey 
(1977) reported that high-yield genes from A. sterilis had 
been backcrossed into experimental oat lines without depress­
ing groat-protein percentage. Transgressive segregates were 
discovered by Spilde et al. (1974) for both grain protein 
and grain yield in four of five A. sativa x A. sterilis 
matings even though there was a negative correlation of 
-0.36** between the two traits. These observations suggest 
13 
that grain yield and groat-percentage in oats are somewhat 
independently inherited. 
Frey (1973) discovered that degree of correlation be­
tween groat-protein percentage and grain yield in oats was 
affected by available soil nitrogen. With adequate soil 
nitrogen the genotypic correlation was 0,04 and with de­
ficient soil nitrogen it was -0.26**. in another study> 
with A. sativa cultivars, Forsberg et al. (1974) found a 
correlation of 0.37 between groat-protein percentage and 
grain yield in 1970 and -0.53** in 1971. They stated that 
the correlations were influenced by available nitrogen and 
soil moisture. 
According to Takeda et al. (1979), a possible explana­
tion for the negative correlation between grain-protein per­
centage and grain yield may be the competition for absorbed 
nitrogen between the vegetative and generative parts of the 
plant. High grain yield depends on high and/or long post-
anthesis photosynthetic activity which requires the retention 
of nitrogen in the vegetative tissue. This requirement could 
decrease the quantity of nitrogen transferred to the grain 
from the vegetative tissue (Frey et al., 1967) and low 
grain-protein content would result. This conçut may argue 
for an "expected negative association" between these two 
traits (Takeda et al., 1979). 
Another aspect which must be considered when studying 
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protein and yield relationships is the trait protein yield. 
Protein yield is the amount of grain protein produced per 
unit land area. In general, the ultimate goal in breeding 
for increased grain-protein percentage is to accumulate genes 
that achieve higher protein productivity per unit area. 
Spilde et al. (1974) demonstrated that this could be accom­
plished effectively in A. sativa x A. sterilis matings. He 
isolated three lines that were agronomically acceptable and 
exceeded the protein yield of their respective A» sativa 
parents by 25.2%. These lines did not necessarily exhibit 
the highest grain yield nor the highest grain-protein per­
centage, but they had a combination of genes for above-
average grain yield and grain-protein percentage. Jenkins 
(1969) found a correlation of 0.56** for protein and grain 
yields in matings of A. sativa and A. byzantins « and 0.08 
for protein yield and protein percentage. Again, the highest 
grain-protein percentage vas not found in conjunction with 
the highest grain yield, nor vice versa. Ohm and Patterson 
(1973a) found a correlation of 0.969* between protein and 
grain yields. Takeda and Frey (1979) used path coefficients 
to describe traits that contribute to protein yield in oats. 
In three of four lines with significantly improved protein 
yields, the traits growth rate, harvest index, groat weight, 
and protein percentage accounted for 95-99% of the variation 
in protein yield. They found one line for which protein 
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yield increase was due 45% to grain yield, 46% to protein 
percentage, and 9% to interaction between the two traits. 
Thus, exceptions do occur where both grain yield and percent­
age grain-protein increase protein yield. 
Takeda and Frey (1979) reported a negative correlation 
between harvest index and groat-protein percentage. Takeda 
et al. (1979) stated that, because harvest index is closely 
related to grain yield, and probably to photosynthetic ac­
tivity, this strong negative correlation should be expected. 
However, it should not hinder obtaining oat lines with high 
grain-protein percentage and high grain yield, because growth 
rate, which is independent of harvest index and protein per­
centage, is also important for grain yield determination. 
16 
MATERIALS AND METHODS 
Materials 
For this study, I used F^-derived lines from 27 matings 
of oats (Table 1), involving ten high-protein (Table 2) and 
four high-yield parents (Table 2). The high-yield parents 
were derived from backcross populations involving A. sterilis 
as a donor parent (Frey, 1982). The high-protein parents 
were placed into three categories according to their origins; 
(a) Lines in Group A were derived from a bulk oat population 
initiated by mixing F2 seed of 75 matings with A. sativa 
parentage and subsequently treated with thermal neutrons. 
(b) Lines in Group B were selections from three-way matings 
in which one parent in the initial mating was A. sterilis. 
(c) The parents in Grotg) C were commercial cultivars. Thus, 
the origin of high-protein genes in Groups A* B, and C 
probably were induced mutations, A. sterilis genes, and A. 
sativa genes, respectively. High-protein parents from 
Groups A and B were mated to all high-yield parents with the 
exception of the mating Y201-150-8-19 x CI 9273. The high-
protein parents in Group C were mated to only one high-yield 
linec 
F^ seeds for the 27 matings were obtained in the green­
house in fall 1975 and one F^ seed from each was grown in 
the greenhouse in 1976 to obtain F2 seeds. F2 seeds were 
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Table 1. Parentages for the 27 oat matings used in this 
study 
Mating number Parentage 
D205 B525-73 X CI 9258 
D206 B525-73 X CI 9271 
D207 B525-73 X CI 9273 
D208 B525-73 X CI 9277 
D209 B525-336 x CI 9268 
D210 B525-336 x CI 9271 
D211 B525-336 x CI 9273 
D212 B525-336 x CI 9277 
D213 B525-593 x CI 9268 
D214 B525-593 x CI 9271 
D215 B525-593 x CI 9273 
D216 B525-593 x CI 9277 
D221 Y20-3-8 X CI 9268 
D222 Y20-3-8 X CI 9271 
D223 Y20-3-8 X CI 9273 
D224 Y20-3-8 X CI 9277 
D225 Y22-15-9 X CI 9268 
D226 Y22-15-9 X CI 9271 
D227 Y22-15-9 X CI 9273 
D228 Y22-15-9 X CI 9277 
D229 Y201-150-8-19 X CI 9268 
D230 Y201-150-8-19 X CI 9271 
D232 Y201-150-8-19 X CI 9277 
D233 Otee X CI 9268 
D234 Diana x CI 9271 
D235 Dal X CI 9273 
D236 Spear x CI 9277 
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Table 2. Pedigrees of parental lines and cultivars used 
in this study-
Parents Pedigree 
CI 9268 
CI 9271 
CI 9273 
CI 9277 
High Yield (HYD) 
Clintford^ x B443^ 
Clintford^ x B444^ 
Clintford^ x B443^ 
CI 8044 x B443^ 
High Protein (HPR) 
Group A 
B525-73 
B525-336 
B525-593 
Group B 
Y20-3-8 
Y22-15-9 
Y201-150-8-19 
Group C 
Otee 
Diana 
Dal 
Spear 
Pure-line selections from a 
thermal neutron treated popu­
lation composed of a 75-cross 
composite from A. sativa 
Garland x B431^ x 2 HoIden 
Garland x B433^ x 2 HoIden 
Clintford x B499^ x 2 Grundy 
Albion X Newton 2x Minhafer 
3x Jaycee 
Roxton X RL 1275 2x Ajax x 
RL 1276 3x Clinton x Bond 2x 
PI 174544 •4x Clintland 3x 
Clinton^ x ARk 574 2x Milford 
Beedee x Trispernia 2x Belar 
Neal X Clintland 64 
^Avena sterilis collections (lowa accession number). 
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space-sown at the Agronomy Field Research Center near Ames, 
Iowa (referred to as Ames) on a soil of the Clarion-Webster 
association in 1977. Fg plants were harvested and threshed 
individually and the bulked seed from an F2 plant was used 
to form an F2-derived line (referred to as lines). 
Experimental Procedure 
In 1978 and 1979, 30 to 90 F2-derived lines (in Fg and 
F^, respectively) per mating plus the parents and six check 
lines and cultivars (Table 3) (each entered five times) were 
grown in a randomized cortplete-block experiment with two 
replicates at each of two locations in each year. The test 
locations were Ames and the Hinds Research Farm north of 
Ames, Iowa (referred to as Hinds Farm) in 1978 and Ames and 
the Northeast Iowa Research Station at Nashua, Iowa (referred 
to as Nashua) in 1979. The soil types at the Hinds Farm 
and Nashua are Coland loam and Kenyon, respectively. Each 
location was treated as a separate environment. A plot con­
sisted of a hill sown with 30 seeds, and hills were spaced 
30.5 cm in perpendicular directions. Two rows of border 
plots were sown around each experiment to provide competition 
for peripheral plots. Plots were hand weeded and a fungicide, 
Dithane (active ingredient Zn ethlene bis dithiocarbamate), 
was sprayed onto the plants at weekly intervals between 
anthesis and maturity to control foliar diseases. Both 1978 
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Table 3. Check lines and cultivars used in this study 
Checks Pedigree 
CI 9170 CI 8044^ 3x Clinton x Garry 2x CI 8079 
CI 8044 Garry-5 x Clintland 
Clintford Clinton 59^ x Landhafer 2x Milford 
Lang Tyler x Orbit 
Noble Tippecanoe 10 x CI 7575 9x Putnam 7x 
IMHJA 8x Putnam 5x IMHJA 6x Minhafer 5x 
Mo 0-205 4x Clinton 5x Landhafer 2x 
Clinton 59^ 3x Clinton 2x Boone x 
Cartier 7x Putnam^ x IMHJA 3x Albion 2x 
Putnam^ x IMHJA 
Stout Shield sib 3x Clinton x Bond 2x 
PI 174544-3 4x Clinton^ x Ukraine 2x 
Milford 3x Clintland 50 2x Clintland^ 
X Minn 313 
experiments were sown on April 15, 1978, and in 1979 the 
Air.es site was sown on April 28 and Nashua on May 1. All 
experimental areas were fertilized prepIant with 55 kg/ha of 
nitrogen. 
Data were recorded for eight traits on a plot basis. 
Days to heading (HD) for a plot was recorded as days after 
sowing when 5C% of the panicles in the plot had fully emerged. 
This trait was measured on one replication at each location 
in 1978 and at Ames in 1979. Plant height (HT, cm) was re­
corded as the distance from the ground to the top of the 
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tallest culm in the plot for one replicate at Ames each year. 
At maturity, plants in a plot were harvested at ground level 
and air-dried and, subsequently, bundle weight (SWT, g/plot) 
was recorded. Next, the bundle of plants was threshed and 
grain yield (GYD, g/plot) was recorded. Harvest index (HI, 
%) was calculated as (GYD/BWT)lOO, and straw yield (SYD, 
g/plot) was computed as BWT - GYD. 
For each entry, 5-g samples from the two replicates at 
a test site were bulked, and this sample was déhulled to pro­
vide ca. 7 g of groats to be used for a nitrogen determina­
tion. The 4506 groat samples from each year's experiments 
were analyzed for nitrogen at the U.S.D.A. Oat Quality 
Laboratory^ by using a Neo-Tec model 41 near infrared 
analyzer. Nitrogen percentages were multiplied by 5,25 to 
give groat-protein percentages (PP, %). Protein yield (PYD, 
g/plot) was computed as PP x GYD. GYD in g/plot and PYD in 
g/plot were converted to quintals/hectare (q/ha) by multi­
plying by 1.08. 
Location means were obtained by combining the data from 
two replicates at each location. Location means were then 
treated as replicates for the statistical analyses. 
^Appreciation is expressed to D. M. Peterson, Director 
of the U.S.D.A. Oat Quality Laboratory, Agronomy Department, 
University of Wisconsin, Madison, Wisconsin, for conducting 
the groat nitrogen percentage analyses. 
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Statistical Analyses 
The analyses of variance were calculated using the 
following model: 
^ij " ^  * Gj + 
where; 
j = trait value of the jth line in the ith location 
ji = overall mean 
= effect of the ith location 
Gj = effect of the jth line 
®ij ~ effect of the jth line in the ith location 
plus the experimental error of the jth line in 
the ith location. 
The analyses of variance and covariances for this model are 
given in Table 4, 
Genotype and error variances were calculated for GYD, 
BWT, SYD, HI, PP, and PYD by equating expected variance com­
ponents to the appropriate mean squares. Broad sense heri-
tability values on per-plot and per-progeny mean bases for a 
trait were computed by using the formulas: 
Heritability (per plot) = 7^/(7^ + V^) 
Keritability (prog, mean) = Vg/(Vg + Vg/r) 
where and are the genotypic and error variances, re­
spectively, and r is the number of replications. 
The variance and covariance coirponents were also used 
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Table 4, Analysis of variance and covariance used for 
each mating across locations 
source of 
variation 
Degrees 
of freedom IMS 
Expected 
covariance . 
mean square 
Location (L) 
Line (G) 
L X G 
Corrected total 
L-1 
G-1 
(L-1)(G-1) 
GL-1 
4 + 
* % XY 
4 = ^GL + IP 
®!CY 
XY 
to calculate phenotypic, genotypic, and error correlations 
between pairs of traits using the standard formula; 
Correlation = Co v^^ ( ° ) "^ 
•where Cov^^ equals the covariance of the traits x and y, and 
and Vy equal the respective variances for the traits. 
The minimum number of effective factor pairs was esti­
mated for GYD, PP, and PYD by using the Lawrence and Frey 
(1976) modification of the Castle-Wright formula (Castle, 
1922; Wright, 1968; Mather and Jinks, 1971)i 
9 
Number of effective factor pairs = R /8v_ , 
G 
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where R and V are the range and genotypic variance of the G 
F2 population, respectively. Lawrence and Frey (1976) argue 
that the range of the F2 segregates is more appropriate for 
estimating R than the range of parents as used in the 
original Castle-Wright formula, because the parents really 
do not represent the genotypic extremes for segregating loci. 
An F^-derived line was considered to be a transgressive 
segregate for a given trait if its mean value was signifi­
cantly greater than that of the higher parent or significant­
ly lower than that of the lower parent in a mating. The 
least significant difference between a parent and its progeny 
at the 5% level was calculated by using the formula: 
2 
where s and r are the error mean squares and number of 
replications for the trait, respectively, and t is the 
t value for the number of degrees of freedom associated 
with s^o 
Design II analyses were computed on the mating means of 
PP, GYD, and PYD for the matings involving high-protein 
parents (HPR) from Groups A and B with high-yield parents 
(HYD) using Model II from Comstock and Robinson (1948). The 
model for the analyses of variances is given in Table 5. A 
predicted value, based on adjusted GCA effects obtained 
using SAS Proc GIM Least Square mean values, was used to 
25 
Table 5. Design II analysis of variance for mating means 
for matings involving HPR x HYD parents 
Source of 
variation Degrees of freedom Expected mean squares 
LOG (i) Z-1 
HYD (y) y-1 + 4,+ paCy 
HPR (p) p-1 + Q +
 
HYD * HPR (y-1)(p-i) + 
HYD * LOG (y-l)(4-l) + 
HPR * LOG (p-1)(4-1) a" + 
Error (4-1)(y-1)(p-i) 
estimate the values for the missing mating Y201-150-8-19 x 
CI 9273. 
Variances among HYD parents, among HPR parents, and the 
interaction between HYD and HPR parents were computed for 
GYD, PP, and PYD by equating expected variance components 
to the appropriate mean squares. 
The general effects for each parental line and the 
specific effects for each mating were calculated using the 
following formulas from Falconer (1960) as adjusted by 
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Beil and Atkins (1967); 
9i = (yj - y.. ) 
A . 
9j = (y.j - y..) 
=ij = - ^ i. - y-j + y--) 
where and gj are estimates of the effects common to all 
progeny of the ith HYD line or the jth HPR line, respectively; 
s^j is the estimate of the effect specific to the progeny of 
mating the ith HYD line with the jth HPR line; y^ = mean 
of all progeny from all matings involving the ith HYD line; 
y.j is the mean of all progeny from all matings involving 
the jth HPR line; y.. gives the mean of all HYD and HPR 
lines; and y^^j is the mean of the specific mating involving 
the ith HYD line and the jth HPR line. 
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RESULTS 
Experimental and Genotypic Variation 
Location effects were highly significant for all mat-
ings for PP, HI, BWT, and SYD (Table 4 and Appendix Table 
Al), for all but one mating for PYD, and all but three for 
GYD. 
Coefficients of variation (CV) for GYD for the 27 mat-
ings ranged from 15%-21% with a mean of 18% (Table 6a). This 
range and mean for GYD generally fall within the norm for 
micro-plot yield tests (Frey, 1965). cVs for PYD ranged 
from 16%-21% with a mean of 18%, values that closely approxi­
mate the CVs for GYD. CVs for PP ranged from 2.7%-5.1% with 
a mean of 4.0%, which is somewhat larger than the 2.8% re­
ported by Cox (1979). 
There were highly significant genotypic variations among 
lines for all matings and traits except for three instances 
(Table Al). In mating D233, HI was significant at the 5% 
level, and in mating D225, neither PP nor HI showed signifi­
cant variation among lines. 
Inheritance Patterns 
Parent and offspring ranges 
In general, high-yield parents were significantly 
greater for PYD, GYD, BWT, SYD, and HI and significantly 
28 
Table 6a. Means 
(CV) 
and ranges for coefficients 
for six traits 
of variation 
Trait CV mean CV range 
PP 4.0 2.7-5.1 
GYD 18.1 15.0-20.9 
PYD 18.2 15.9-20.9 
HI 9.1 7.7-10.9 
SWT 14.2 12.9-16.3 
SYD 14.7 12.1-16.0 
lower for PP than the high-protein parents (Table 5b). 
When the high-protein parents were divided into three groups, 
significant differences occurred among means in all but one 
instance, that being PYD between the high-protein cultivars 
and the high-yield parents. Among groups of high-protein 
parents, three instances occurred where significant differ­
ences were not observed, i.e., for PP between the high-
protein mutation and the high-protein cultivar groups, and 
for HI and PYD between the high-protein mutation and the 
high protein A. sterilis derived parents. The high-protein 
and high-yield parents generally differed for all traits, 
but especially PP and GYD; thus, they were well suited to 
the objectives of this study. 
Table 6b, Means of six traits for high-yield parents and for the three groups 
of high-protein parents 
Parental PP GYD PYD HI BWT SYD HD HT 
group { % )  (q/ha) (q/ha) (%) (g/ha) (q/ha) (June) (cm) 
High-yield 17.1 33.0 5.6 39.9 83.1 50.2 19 95 
High-protein 20.5a 24.9a 5.1a 37.3a 67.3a 42.4a 19 92 
Group A 20,3ab 23 0 6abc 4. 8ac 36.3ac 65o7abc 42,labc 19 95 
Group B 21.0ad 21.8ad 4.5ad 36.7ad 60,lad 38.4ad 18 88 
Group C 20.3a 28.1a 5.7 38.5a 73.8a 45.7a 19 94 
a p the mean of the high-protein parents or of the specific high-protein 
parental group is significantly different from the mean of the high-yield parents 
at the 5% level; b = the mean of the high-protein parental group A is significantly 
different from the mean of the high-protein parental group B at the 5% level; 
c = the mean of the high-protein parental group A is significantly different from 
the mean of the high-protein parental group C at the 5% level; d = the mean of the 
high-protein parental group B is significantly different from the mean of the 
high-protein parental group C at the 5% level. 
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Segregate ranges and means 
Mean performance of the parents and offspring within 
matings and the ranges of the F^rderived lines within matings 
for PP, GYD, PYD, HI, SWT, and SYD are presented in Tables 
7-12, respectively. Mating means for all matings for PP, 
GYD, and PYD are presented in Tables 13-15, respectively. 
Groat protein percentage 
Twenty-six of the 27 matings had means of Fgrderived 
lines intermediate to their parental means for PP (Table 7)o 
The exception was D225 which had a mating mean of 16,7%, 
a value less than the lower parent. Means of E^-derived 
lines were significantly greater than the midparent values 
for D209, D210, and D236, and not different from the mid-
parent values for D206, D207, D211, D230, and D233. In. all 
other matings, the progeny means were significantly lower 
than the midparent values. Mean PP of F^-derived lines in 
D210 at 19.8% was the highest of all matings. Overall means 
for matings ranged from 16.7-19.8% PP» When averaged over 
matings, B525-336 and Y201-150-8-19 had the highest segre­
gate means (Table 13), No high-yield parent showed particu­
lar prepotence for high or low PP. 
The ranges of PP for Fgrderived lines extended lower 
than the high-yield parent in 14 matings (D205, D208, D211, 
D212, D213, D215, D223, D225, D226, D227, D228, D233, D235, 
and D236) and higher than the high-protein parent in 11 
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Table 7. Means, midparent values, and F2 ranges for PP (%) 
of the parents and F^-derived lines from 27 oat 
matings 
Generation" 
Mating P^ P2 
no. (female) (male) MP F2 
F2 range 
Min Max 
No. F2~ 
derived 
lines 
D205 20.7a 17.3 19.0b I8.5cd 17.2 20.0 90 
D206 20.7a 16.3 18.5 I8.6cd 17.6 19.9 90 
D207 20.7a 17.7 19.2 19.2cd 17.9 20.9 36 
D208 20.7a 17.0 18.9b I8.6cd 16.8 21.0 88 
D209 20.1a 17.3 18.7b 19. led 17.4 20.6 82 
D210 20.1a 16.3 18.2b 19.8 d 17.3 22.1 90 
D211 20.1a 17.7 18.9 I8.7cd 17.2 20.2 81 
D212 20.1a 17.0 18.6b I8.2cd 16.7 19.6 45 
D213 20.2a 17.3 18. 8b I8.2cd 17.2 19.8 27 
D214 20.2a 16.3 18.3b I8.0cd 16.7 20.6 84 
D215 20.2a 17.7 19.0b I8.5cd 17.0 20.1 90 
D216 20.2a 17.0 18.5b I8.3cd 17.0 20.0 90 
D221 21.5a 17.3 19.4b I9.0cd 17.7 20.6 90 
D222 21.5a 16.3 18.9b I8.5cd 17.4 19.8 90 
D223 21.5a 17.7 19.6b 18.led 17.0 19.8 90 
D224 21.5a 17.0 19.3b I8.3cd 17.1 19.8 90 
D225 19.6a 17.3 18.5b 16.7cd 15.9 18.5 41 
D226 19.6a 16.3 18.0b I7.7cd 15.4 20.3 90 
D227 19.6a 17.7 18.7b 17.9c 15.9 20.2 90 
D228 19.6a 17.0 18.3b 17.8cd 16.1 19.5 90 
D229 21.8a 17.3 19.6b 19.2cd 17.6 20.7 90 
D230 21.8a 16.3 19.1 19.led 17.5 21.2 90 
D232 21.8a 17.0 19.4b I8.8cd 17.5 21.0 90 
D233 20.4a 17.3 18.9 I8.7cd 16.9 20.5 90 
D234 20.6a 16.3 18.5b l8.3ed 16.7 19.6 90 
D235 21.1a 17.7 19.4b 19.led 17.0 22.1 69 
D236 19.1a 17.0 18.lb I8.4cd 16.5 21.4 70 
^a = P^ significantly different from P2 at the 5% level; 
b = F2 significantly different from the MP at the 5% level ; 
c = F2 significantly different from P^ at the 5% level; d = 
F2 significantly different from P2 at the 5% level. 
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Table 8, Means, midparent values, and F2 ranges for GYD 
(q/ha) of the parents and F2 derived lines from 
27 oat matings 
Mating 
no. 
Generation" 
(female) (male) MP 
range 
Mm Max 
No. ?%-
derived 
lines 
D205 27.2a 30.2 28.7b 26.9 d 19.0 35.9 90 
D206 27.2a 32.5 29.9b 28.3 d 19.8 37.5 90 
D207 27.2a 35.2 31.2b 25.5 d 18.0 32.8 36 
D208 27.2a 34.0 30.6b 27.3 d 18.2 39.4 88 
D209 21.8a 30.2 26.0b 24.2cd 14.7 32.1 82 
D210 21.8a 32.5 27.2b 24.5cd 14.2 35.1 90 
D211 21.8a 35.2 28.5b 25.8cd 13.4 32.7 81 
D212 21.8a 34.0 27.9b 24.2cd 15.9 33.9 45 
D213 21.7a 30.2 26.0 27.2cd 12.2 31.9 27 
D214 21.7a 32.5 27.1b 28.9cd 10.8 37.0 84 
D215 21.7a 35.2 28.5 29.led 21.6 40.2 90 
D216 21.7a 34.0 27.9b 30.8cd 20.8 39.2 90 
D221 18.7a 30.2 24.5 25.9cd 14.9 35.9 90 
D222 18.7a 32.5 25.6b 27.8cd 19.6 36.5 90 
D223 18.7a 35.2 27.0 28.led 11.1 38.9 90 
D224 18.7a 34.0 26.4 25.led 17.1 35.9 90 
D225 27 • 4a 30.2 28.8b 31.1c 23.8 38.2 41 
D226 27.4a 32.5 30.0 31.3c 10.0 43.7 90 
D227 27,4a 35.a 31.3b 29.5 d 16.3 37.5 90 
D228 27. 4a 34.0 30.7 29.6 d 17.3 41.2 90 
D229 19.4a 30.2 24.8b 26.9cd 19.6 33.2 90 
D230 19.4a 32.5 26.0 25.led 14.7 35.6 90 
D232 19.4a 34.0 26.7 27.7cd 18.5 35.9 90 
D233 29.5 30.2 29.9b 33.0cd 25.7 41.5 90 
D234 27.3a 32.5 29.9 30.8c 20.1 40.4 90 
D235 25.9a 35.2 30.6 29.led 17.6 38.1 69 
D236 29.5a 34.0 31.8 30.5 d 7.0 46.2 70 
a = P^ significantly different from P2 at the 5% level; 
b = F2 significantly different from the MP at the 5% level; 
c = F2 significantly different from P^^ at the 5% level; d = 
F2 significantly different from P2 at the 5% level. 
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Table 9, Means, midparent values and F2 ranges for PYD 
(q/ha) of the parents and F^-derived lines from 
27 oat matings 
Mating 
Generation' 
no. (female) (male) MP 
F2 range No. F2~ 
derived 
Min Max lines 
D205 5.7 5.2 5.4b 5.0c 3.5 6.3 90 
D206 5.7 5.3 5.5 5.3c 3.6 6.9 90 
D207 5.7a 6.3 6.0b 4.9cd 3.6 6.4 36 
D208 5.7 5.8 5.7b 5. led 3.4 7.1 88 
D209 4.4a 5.2 4.8 4.6 d 2.9 6.3 82 
D210 4.4a 5.3 4.8 4.9cd 2.9 7.2 90 
D211 4.4a 6.3 5.3b 4.8 d 2.6 6.2 81 
D212 4.4a 5.8 5.1b 4.4 d 3.0 5.9 45 
D213 4.3a 5.2 4.8 5.0c 2.3 5.7 27 
D214 4.3a 5.3 4.8b 5.2c 2.1 6.8 84 
D215 4.3a 6.3 5.3 5.4cd 4.0 7.2 90 
D216 4.3a 5.8 5.1b 5.6c 4.0 6.9 90 
D221 4.0a 5.2 4.6 4.9c 2.9 6.7 90 
D222 4.0a 5.3 4.7b 5.2c 3.7 6.5 90 
D223 4.0a 6.3 5.1 5. led 2.1 6.9 90 
D224 4.0a 5.8 4.9 4.6cd 3.1 6.4 90 
D225 5.4 5.2 5.3 5.2 3.9 6.2 41 
D225 5.4 5.3 5.4 5.6 2.0 7.7 90 
D227 5.4a 6.3 5.8b 5.3 d 3.0 6.7 90 
D228 5.4 5.8 5.6 5.3 d 3.3 7.1 90 
D229 4.2a 5.2 4.7b 5.2c 3.8 6.5 90 
D230 4.2a 5.3 4.8 4. 8cd 2.7 6.8 90 
D232 4.2a 5.8 5.0 5.2cd 3.6 6.7 90 
D233 6.0a 5.2 5.6b 6.2 d 4.8 7.7 90 
D234 5.6 5.3 5.5 5.6 3.8 7.5 90 
D235 5.5a 6.3 5.9 5.6 d 3.5 7.8 69 
D236 5.6 5.8 5.7 5.6 1.5 8.2 70 
a = P^ significantly different from P2 at the 5% level; 
b = F2 significantly different from the MP at the 5% level; 
c = F2 significantly different from Pt_ at the 5% level: d = 
F2 significantly different from P2 at the 5% level. 
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Table 10. Means, midparent values, and F2 ranges for HI (%) 
of the parents and F2-derived lines from 27 oat 
matings 
Generation' 
Mating P? 
no. (female) (male) MP 
F2 range 
Mm Max 
No. Fg-
derived 
lines 
D205 37.9 38.3 38.1 37.4 30.7 41.8 90 
D206 37.9 38.6 38.3 38.3 31.9 42.5 90 
D207 37.9a 40.5 39.2b 37.5 d 32.0 42.2 36 
D208 37.9a 42.1 40.0b 37.3 d 25.5 42.6 88 
D209 34.7a 38.3 36.5 35.9 d 29.0 41.2 82 
D210 34.7a 38.6 36.7 35.7 d 28.1 42.4 90 
D211 34.7a 40.5 37.6 37.0cd 31.0 44.0 81 
D212 34.7a 42.1 38.4b 37.led 31.9 44.0 45 
D213 36.4 38.3 37.4 38.4c 26.5 42.8 27 
D214 36.4 38.6 37.5 38.1 25.5 45.4 84 
D215 36.4a 40.5 38.5 37.9 d 31.5 45.6 90 
D216 36.4a 42.1 39.3 38.8cd 29.6 44.6 90 
D221 37.5 38.3 37.9 37.7 28.1 42.8 90 
D222 37.5 38.6 38.1b 36.9 d 33.0 41.3 90 
D223 37.5a 40.5 39.0 38.4 d 26.3 43.2 90 
D224 37.5a 42.1 39.8 38.6 d 30.2 44.3 90 
D225 42.2a 38.3 40.3b 39.1c 35.2 42.7 41 
D226 42.2a 38.6 40.4 39.9c 32.9 45.1 90 
D227 42.2 40.5 41.4 40.7c 34.9 46.2 90 
D228 42.2 42.1 42.2 41.8 33.5 46.0 90 
D229 30.4a 38.3 34.4b 36.2cd 30.9 41.4 90 
D230 30.4a 38.6 34.5 34.4cd 23.8 40.6 90 
D232 30.4a 42.1 36.3b 39.5cd 33.7 44.7 90 
D233 38.5 38.3 38.4 38.5 34.3 42.7 90 
D234 39.9 38.6 39.3b 37.7c 32.3 41.6 90 
D235 35.3a 40.5 37.9 37o2cd 27.7 43.8 69 
D236 40.4 42.1 41.3b 38.7cd 26.7 44.2 70 
a = Pi significantly different from P2 at the 5% level; 
b = F2 significantly different from the MP at the 5% level ; 
c = F2 significantly different from P^ at the 5% level; d = 
F2 significantly different from P2 at the 5% level. 
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Table 11. Means, midparent values, and F2 ranges for BWT 
(q/ha) of the parents and E^-derived lines from 
27 oat matings 
Generation 
No. F2~ 
Mating 
r-j tdnge 
Pi , P2 derived 
no. (female) (male) MP F2 Min Max lines 
D205 72.8a 79.5 76.2b 72.5 d 55.2 90.9 90 
D206 72.8a 84.6 78.7b 74.5 d 53.9 95.4 90 
D207 72.8a 87.3 80.1b 68.5 d 50.2 85.2 36 
D208 72.8a 80.9 76.9b 73.6 52.2 100.2 88 
D209 63.5a 79.5 71.5b 67.1 d 47.8 84.1 82 
D210 53.5a 84.6 74,1b 58,8cd 45.7 87.9 90 
D211 63.5a 87.3 75.4b 70c0cd 39.6 86,4 81 
D212 63.5a 80.9 72.2b 55.5 d 47.7 89.0 45 
D213 60.8a 79.5 70.2 7l.6cd 46.8 83.0 27 
D214 60. 8a 84.5 72.7b 75.5cd 41.6 97.9 84 
D215 60.8a 87.3 74.1b 77.5cd 58.7 98.8 90 
D216 60.8a 80.9 70.9b 80.0c 55.9 103.0 90 
D221 50.5a 79.5 65.0b 59.3cd 45.8 95.7 90 
D222 50.5a 84.6 67.5b 76.led 52.4 93.0 90 
D223 50.5a 87.3 66.9b 73.5cd 42.0 93.4 90 
D224 50.5a 80.9 65.7 65.3cd 46.2 91.5 90 
D225 55.0a 79.5 72.3b 80.4c 64.4 98.7 41 
D226 65.0a 84.6 74.8b 78.5cd 31.6 101.4 90 
D227 65.0a 87.3 76.2 72.9cd 46.2 95.1 90 
D228 65.0a 80.9 73.0 7l.2cd 48.5 106.4 90 
D229 54.9a 79.5 72.2 75.4c 57.5 91.7 90 
D230 54.9a 84.5 74.8 73.3cd 52.2 95.9 90 
D232 54.9a 80.9 72.9 70.6cd 49.5 86.7 90 
D233 78.0 79.5 78.8b 86.5cd 71.8 106.1 90 
D234 58.5a 84.5 76.5b 82.2c 58.7 105.2 90 
D235 75.1a 87.3 81.2 78.9 d 62.5 97.9 69 
D236 73.4a 80.9 77.2 79.3c 25.5 109.9 70 
a = significantly different from P2 at the 5% level; 
b = F2 significantly different from the MP at the 5% level; 
c = F2 significantly different from P^ at the 5% level; d = 
F2 significantly different from P2 at the 5% level. 
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Table 12. Means, midparent values, and F2 ranges for SYD 
(q/ha) of the parents and F2-derived lines from 
27 oat matings 
Mating 
Generation" 
no. 
Pi P2 
(female) (male) MP 
F, range 
Min Max 
No. F2~ 
derived 
lines 
D205 45.6 49.4 47,5 45.6 d 34.3 58,9 90 
D206 45,6a 52.1 48,9b 46.2 d 34,0 58.2 90 
D207 45.6a 52,1 48,9b 43.0 d 30.6 55.9 36 
D208 45.6 47.0 46,3 46.3 33.9 66.7 88 
D209 41,7a 49,4 45,6b 42.9 d 31,2 55.6 82 
D210 41.7a 52.1 46,9b 44.3 d 32,4 57.5 90 
D211 410 7a 52,1 46,9b 44.3 d 26.2 55.9 81 
D212 41,7a 47,0 44,4b 41.4 d 30,5 55.1 45 
D213 39.1a 49.4 44,3 44,4cd 34,7 53.2 27 
D214 39.1a 52,1 45,6 47 0 6cd 30.8 63.0 84 
D215 39.1a 52,1 45,6b 48.5cd 37.1 66.2 90 
D216 39.1a 47,0 43,1b 49.2c 33.9 66,2 90 
D221 31.9a 49,4 40.7b 43.4cd 30.9 63,2 90 
D222 31.9a 52,1 42.0b 48.3cd 32.8 59.7 90 
D223 31.9a 52.1 42.0b 45.4cd 30.9 62,2 90 
D224 31.9a 47,0 39.5 40.3cd 28.6 57,4 90 
D225 37.7a 49.4 43.6b 49.2c 37.0 60,5 41 
D226 37.7a 52.1 44.9 47.2cd 21.6 63,2 90 
D227 37.7a 52.1 44.9 43.4cd 29.8 58,6 90 
D228 37.7a 47.0 42.4 41.6cd 28.6 65,2 90 
D229 45.5 49.4 47.5 48.4 35.9 59,8 90 
D230 45.5a 52,1 48.8 48.2 d 35.2 60,9 90 
D232 45.5 47.0 46.3b 42.9 d 31.1 53,6 90 
D233 48.5 49.4 49.0b 53.5cd 42,7 66,7 90 
D234 41.1a 52,1 46.6b 51,4c 38.6 65,9 90 
D235 49.1 52,1 50.6 49,7 39,6 62.4 69 
D236 44.0 47,0 45.5b 48,7c 19.4 63.9 70 
a = P^ significantly different from P2 at the 5% level; 
b = F2 significantly different from the MP at the 5% level; 
c = F2 significantly different from P^ at the 5% level; d = 
F2 significantly different from P2 at the 5% level. 
Table 13. Means for PP for the 27 oat matings arranged according to parents 
Protein carent 
Yield 
parent 
B525 
-73 
B525 
-336 
B525 
-593 
Y20-
3-8 
Y22-
15-9 
Y201-
150-
8-19 Otee Diana Dal Spear 
CI 9268 18.5 19.1 18.2 19.0 16.7 19.2 18.7 
CI 9271 l8o6 19.8 18.0 18.5 17.7 19.1 18.3 
CI 9273 19.2 18.7 18.5 18.1 17.9 19.1 
CI 9277 18.6 18.2 18.3 18.3 17.8 18.8 18.4 
Table 14. Means for GYD for the 27 oat matings arranged according to parents 
Protein parent 
Yield 
parent 
B525 
-73 
B525 
-336 
B525 
-593 
Y20-
3-8 
Y22-
15-9 
Y201-
150-
8-19 Otee Diana Dal Spear 
CI 9268 26.9 24.2 27.2 25.9 31.1 26.9 33.0 
CI 9271 28.3 24.5 28.9 27.8 31.3 25.1 30.8 
CI 9273 25.5 25.8 29.1 28.1 29.5 29.1 
CI 9277 27.3 24.2 30.8 25.1 29.6 27.7 30.5 
Table 15, Means for PYD for the 27 oat matings arranged according to parents 
Protein parent 
Yield 
parent 
B525 
-73 
B525 
-336 
B525 
-593 
Y20-
3-8 
Y22-
15-9 
Y201-
150-
8-19 Otee Diana Dal Spear 
CI 9268 5.0 4.6 5.0 4.9 5.2 5.2 6.2 
CI 9271 5.3 4.9 5.2 5.2 5.6 4.8 5.6 
CI 9273 4.1 4.8 5.4 5.1 5.3 5.6 
CI 9277 5.1 4.4 5.6 4.6 5.3 5.2 5.6 
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(D207, D208, D209, D210, D211, D214, D226, D227, D233, D235, 
and D236). In seven matings (D208, D211, D225, D227, D233, 
D235, and D236), the range extended beyond both parents. 
Grain yield 
Segregate means for GYD in 25 of 27 matings were inter­
mediate to the parents (Table 8), in D205 and D207, GYD 
means for Fg-derived lines were lower than the lower yielding 
parents, but midparent values for these two matings are in­
termediate to high when compared to the other 25. The high­
est segregate mean for all matings was 33.0 q/ha for D233, a 
value significantly greater than the high parent (30.2 q/ha) 
for this mating. Mating D225 also had a mean of Fg^-derived 
lines greater than its high-yield parent. Both of these 
matings shared the same high-yield parent, CI 9268. Means 
of F^-derived lines for GYD were greater than their respec­
tive midparent values in 13 matings (Table 8), and of these, 
six were significantly higher (D2l4, D216, D222, D225, D229, 
and D233). The lowest mean (24.2 q/ha) for F^-derived lines 
occurred in two matings (D209 and D212) and both of these 
had the same high-protein mutation parent, B525-336. in 
both matings, mean GYDs were significantly lower than the 
midparent. Progeny means for GYD tended to be lower in all 
matings when B525-336 was the high-protein parent (Table 14). 
The A. sterilis derived high-protein parent, Y22-15-9, 
tended to give high segregate means for GYD in all of its 
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matings. Seemingly, there were large differences in pre-
potence for GYD among the high-protein parents. 
F2-derived lines with GYDs greater than the high-yield 
parent occurred in 24 matings, and only in D207, D211, and 
D212 was the highest F2-derived line lower than the high-
yield parent for GYD. The F^-derived line with the highest 
GYD (46.2 q/ha) in all the matings occurred in D236 (Spear x 
CI 9277), and the second highest (43.7 q/ha) occurred in 
D226 (Y22-15-9 x CI 9271). In D222 and D229, Fg-derived 
lines with the lowest GYDs were higher than those of the 
lower yielding parents. 
Protein yield 
Fourteen matings had means for F2-derived lines for PYD 
that were intermediate to the parents (Table 9). In five, 
segregate means were below the lower parent (D205, D207, 
D208, D227, and D228), and in two the PYD means were above 
those of the higher parent (D226 and D233)o D233 with a 
mean for PYD of 6.2 q/ha was the highest of all 27 matings. 
In four matings (D206, D212, D225, and D236), progeny means 
for PYD were equal to the lower parent involved, and in the 
remaining two (D229 and D234), they were equal to the higher 
parent involved. Mating D212 had the lowest mean of F2-
derived lines with 4.4 q/ha. 
F^-derived line means for PYD were lower in all four 
matings in which the high-protein mutation line, B525-336, 
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occurred as a parent (D209-D212) (Table 15); however, 
maximum PYDs for F^-derived lines from these matings were 
similar to those of the other 23 (Table 9). As a group, 
matings between high-protein cultivars and high-yield lines 
(D233, D234, D235, and D236) gave high mating means and the 
maximum segregate values for PYD. In all matings except one 
(D211), individual Fgi-derived lines exceeded the higher 
parent for PYD, and in D211, the maximum line of 6.2 q/ha 
was near the higher parent with a value of 5.3 q/ha. 
Harvest index, bundle weight, and straw yield 
Traits given greatest emphasis in this study were PP, 
G YD, and PYD, but HI, BWT, and SYD were evaluated also. 
Nineteen matings had means for F^-derived lines for HI 
intermediate to the parents (Table 10). In seven of the 
remaining eight instances, the segregate means were below 
the lower parent (D205, D207, D208, D222, D228, D234, and 
D236). D228, even though its mean value was below the lower 
parent, had the highest segregate mean of all 27 matings at 
41.8%. Only for D213 was the segregate mean above the higher 
parent for HI with a value of 38.4%. Means of F^-derived 
lines for HI ranged from 34.4% for D230 to 41.8% for D228, 
In five matings (D213, D214, D229, D232, and D233), the 
F^-derived line means were greater than the midparent values, 
and in two (D229 and D232), they were significantly greater. 
Means of F^i-derived lines for BWT (Table 11) were 
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intermediate to the parents in 23 matings. Two matings 
(D205 and D207) had mean values lower than either parent, 
but the lowest mean was 55,3 q/ha from D224. D225 and D233 
had segregate means for BWT greater than either parent, and 
the latter mating had a mean of 86.5 q/ha. Eighteen matings 
had significant differences between midparent values and 
means of F^-derived lines, and in ten of these, segregate 
means were significantly greater than the midparent values. 
The largest range for BWT (26.5 q/ha to 109.9 q/ha) was in 
D236 (Spear x CI 9277), and these values were the lowest and 
highest recorded in this study. 
Twenty matings had means of E^-derived lines for SYD 
intermediate to the parents (Table 12). Three (D216, D233, 
and D236) had means greater than the higher parent; three 
(D207, D212, and D232) had means less than the lower parent; 
and 14 had segregate means greater than the micparent values. 
Note that D205 and D207 had segregate means lower than 
the lower parent for GYD, PYD, HI, BWT, and SYD, and inter­
mediate means for PP. These matings, however, may have 
value for selecting outstanding lines because their ranges 
extended as high as in other matings for most traits. D225 
would not be promising because its mean and maximum PP were 
so low. Even though the GYD and BWT were high for this 
mating, the low PP caused the maximum PYD to be only 6.2 
q/ha. D233 had high values for GYD, PYD, BWT, and SYD. 
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Checks 
Means and ranges of PP, GYD, PYD, HI, BWT, SYD, HD, and 
HT for the ten check cultivars and lines evaluated in this 
study are given in Table 16. This table includes the four 
high-protein cultivars used as parents. The range for PP 
for the checks was from 16.8% for Clintford to 19.1% for 
Noble. In contrast, PP for the high-protein cultivars used 
(Table 7) ranged from 19.1 to 21.1%. Thus, the high-protein 
cultivars did have high PP when compared to the other checks. 
Lang had the greatest GYD at 33.8 q/ha. High-yield lines 
used in this study had grain yields ranging from 30.2-35.2 
q/ha (Table 8), whereas the other checks ranged from 24.3 
to 33.8 q/ha; thus, the high-yield parents were really high 
in yield relative to the checks. Lang, in spite of its high 
GYD (33.8 q/ha), did not have the greatest PYD (5.7 q/ha). 
Otee had the highest PYD (6.0 q/ha) among the check cultivars. 
F^-derived line segregation 
Protein percentage Frequency distributions for PPs, 
GYDs, and PYDs for the F^-derived lines within raatings are 
given in Figures 1-15. Generally, the frequency distribu­
tions did not show discrete classes of segregates for PP, 
GYD, or PYD, indicating polygenic inheritance for all three. 
The frequency distributions tend to be symmetrical. 
A comparison of means of F^-derived lines with midparent 
Table 16. Means of check cultivars and lines for eight traits 
PP GYD PYD HI BWT SYD HD HT 
Cultivar (%) (q/ha) (q/ha) (%) (q/ha) (q/ha) (June) (cm; 
Cl 8044 18.1 24.3 4.3 40.8 60.5 36.2 16 90 
CI 9170 17.9 27.1 4.9 42.8 64.0 36.9 16 91 
Clintford 16.8 30.1 5.1 39.4 76.9 46.8 17 90 
Dal 21.1 25.9 5.4 35.3 75.1 49.1 22 94 
Diana 20.6 27.3 5.6 39.9 68.5 41.1 17 94 
Lang 17.0 33.8 5.7 42.4 80.5 46.7 16 90 
Noble 19.1 29.3 5,6 39.7 74.1 44.9 17 94 
Otee 20.4 29.6 6.0 38.5 78.0 48.5 19 94 
Spear 19.1 29.5 5.6 40.4 73.4 44o0 20 94 
Stout 18.4 27.8 5.1 41.0 68.9 41.1 18 79 
Mean 18.9 28.5 5.3 40.0 72.0 43.5 18 91 
Ranges 16.8- 24.3- 4.3- 35.3- 60.5- 36.2- 16- 79-
21.1 33.8 6.0 42.8 80.5 49.1 22 94 
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values for a trait can indicate the type of gene action in­
volved in the inheritance of the trait. For matings in 
•which the segregate mean and midparent value were not dif­
ferent (D206, D207, D211, D230, and D233), PP probably was 
due primarily to additive gene action (Table 7; Figures 1, 
2, and 4). In the other 22 matings where the mean and mid-
parent value for PP differ significantly (Table 7; Figures 
1-5), nonadditive gene action was likely involved in the 
inheritance of this trait. Nineteen of these 22 matings 
had progeny means significantly lower than the midparent, 
suggesting that low PP tends to be dominant. Mating D225 
had a progeny mean lower than both parents (Figure 3). Of 
the three matings with progeny means closer to their high-
protein parent, D210 had a progeny ra.ean very close to its 
high-protein parent and did not have a class as low as its 
low-protein parent (Figure 1). 
Grain yield Twelve matings for GYD had means of F2-
derived lines that did not differ significantly from the 
midparent values, indicating that predominantly additive gene 
action was involved in GYD inheritance for them (Table 8; 
Figures 6-10). In the other 15 where progeny means and mid-
parent values differed significantly, probably both additive 
and nonadditive gene action were involved in GYD inheritance. 
In D205 and D207 (Table 8; Figure 1), the progeny means were 
lower than the lower yielding parent, implying for these 
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matings that low GYD was dominant. In D225 and D233 (Table 
8; Figures 8 and 9), on the other hand, the GYD progeny means 
were higher than the high-yield parent. 
Protein yield Sixteen matings for PYD had progeny 
means that were not significantly different from the mid-
parents, suggesting that additive gene action was of major 
importance in the inheritance of this trait for these matings 
(Table 9; Figures 11-15). Of the other 11 matings, where 
nonadditive gene action probably was also involved in the 
PYD inheritance, five were significantly greater than the 
midparent (D214, D216, D222, D229, and D233) (Table 9; 
Figures 12, 13, and 14). Note that the parents involved in 
some matings did not differ from one another significantly 
for PYD (Table 9). They vary from 0.1 q/ha difference for 
D208 and D226 to 2.3 q/ha for D233. Therefore, in nine mat­
ings (D205, D206, D207, D208, D212, D225, D227, D228, 
and D236 (Figures 11-15), the segregate means for PYD were 
equal to or lower than the lower PYD parent, but only six of 
them were significantly lower than the midparent (Table 9). 
In matings D226, D229, D233, and D234 (Figures 13 and 14), 
progeny means for PYD were equal to or greater than the 
higher PYD parent, and only D229 and D233 were significantly 
different from the midparent values. 
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Effective factors 
The minimum numbers of effective factor pairs involved 
in the inheritance of PP, GYD, and PYD do not necessarily 
translate to genes or loci. In fact, they may represent 
whole chromosomes or large chromosome segments as the units 
of inheritance (Mather and Jinks, 1971). Often the number 
estimated is strikingly lower than the actual numbers of 
segregating loci. Loosely linked genes would be expected to 
appear as different effective factors, but closely linked 
genes would probably be in the same effective factor pair. 
Although the exact interpretation of an effective factor 
pair may be somewhat ambiguous, it may be valuable for com­
parisons among traits. 
Numbers of effective factors estimated for these oat 
matings averaged 4.8 for PP, 6.5 for GYD, and 7.2 for PYD 
(Table 17), indicating the PYD was affected by the largest 
number and PP the least. When averaged over matings on a 
parental basis (Table 18), the mean number of effective factor 
pairs for specific parents ranged from 4.1 for Y20-3-8 to 6.4 
for Y22-15-9 for PP, with most of the parental means being 
close to the overall mean of 4.8. For GYD, the parental 
means for number of effective factor pairs ranged from 4.1 
for B525-336 to 8.2 for CI 9273 with a fairly continuous 
distribution of the parents over the range. The range of 
the parental means for PYD ranged from 4.1 again for B525-336 
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Table 17. Minimum number of effective factor pairs by which 
the parents differed for 27 oat matings for the 
three traits, PP, GYD, and PYD 
Mating 
no. 
Number of effective factor pairs 
PP GYD PYD 
D205 3.4 5.4 5.6 
D206 7.4 12.0 14.4 
D207 3.2 2.3 2.7 
D208 4.7 5.0 5.2 
D209 6.1 3.3 3.3 
D210 5.3 3.7 3.5 
D211 4,5 6.5 6.8 
D212 3.4 2.8 2.8 
D213 3.2 5.0 5.7 
D214 6.3 8.2 8.7 
D215 5.6 11.8 12.9 
D216 3.6 7.2 8.6 
D221 3.0 5.4 5.1 
D222 5.5 5.3 5.0 
D223 4.7 12.7 14.7 
D224 3.2 4.5 5.3 
D225 10.4 4.6 4.9 
D226 5.5 7.2 7.3 
D227 5.7 9.7 11.0 
D228 4.0 7.5 9.5 
D229 4.1 6.1 5.6 
D230 4.0 3.6 4.3 
D232 5.9 6.7 6.9 
D233 3.4 • 4.7 6.8 
D234 4.2 6.5 8.0 
D235 3.0 6.0 8.7 
D236 6.1 10.8 10.6 
Mean 4.8 6.5 7.2 
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Table 18. Minimum number of effective factor pairs by which 
parents differed averaged over the parental geno­
type for PP, GYD, and PYD 
Parental 
genotype 
Number of effective factor pairs 
PP GYD PYD 
Group A 
B525-73 
B525-335 
B525-593 
Mean 
Group B 
Y20-3-8 
Y22-15-9 
Y201-150-8-19 
Mean 
Group C 
Cultivar mean 
High-Protein Parents 
4.7 6.2 
4.8 4.1 
4.7 8.1 
4.7 6.1 
4.1 7.0 
6.4 7.3 
4.7 5.5 
5.1 6.7 
4.2 7.0 
7.0 
4.1 
9.0 
6.7 
7.5 
8.2  
5.6 
7.2 
8.5 
CI 9268 
CI9271 
CI9273 
CI 9277 
Mean 
High-Yield Parents 
4.8 4.9 
5.5 6.6 
4.5 8.2 
4.4 6.4 
4.8 6.5 
5.3 
7.3 
9.5 
7.0 
7.3 
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to 9.5 again for CI 9273. The rankings of the parents ac­
cording to the mean numbers of effective factor pairs were 
nearly identical for GYD and PYD. These results suggest 
that PP, GYD, and PYD should be treated as quantitatively 
inherited traits. 
Transgressive segregation 
An Fg-derived line was considered to be a transgressive 
segregate for a given trait if its mean value was signifi­
cantly greater than that of the high parent or significantly 
lower than that of the low parent by one least significant 
difference (LSD). Transgressive segregation occurred in five 
matings for PP (Table 19), and only D210 with 6 and D235 with 
2 produced transgressive segregates for high PP (referred to 
as HTSPP). Only 0.37% of the F^-derived lines studied were 
HTSPP. Transgressive segregates for low PP (referred to as 
LTSPP) occurred in matings D225, D226, and D227, all of which 
shared the same maternal high-protein parent, Y22-15-9. Only 
0.65% of the F^-derived lines studied were LTSPP. Thus, 
transgressive segregates for PP in these oat matings were a 
rarity, accounting for only 1.02% of all lines studied. D210 
had 6.7% of its lines as HTSPP, and thus, it is a unique and 
interesting mating. 
Transgressive segregates for GYD occurred in 20 matings 
(Table 20), and about half of the transgressive segregates 
were for high grain yield (referred to as HTSGYD). HTSGYD 
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Table 19. Numbers of low and high transgressive F2-derived 
oat lines for PP in the 27 oat matings 
Number of 
Mating transgressive segregates 
no. Low High 
D205 0 0 
D206 0 0 
D207 0 0 
D208 0 0 
D209 0 0 
D210 0 6 
D211 0 0 
D212 0 0 
D213 0 0 
D214 0 0 
D215 0 0 
D216 0 0 
D221 0 0 
D222 0 0 
D223 0 0 
D224 0 0 
D225 8 0 
D226 1 0 
D227 5 0 
D228 0 0 
D229 0 0 
D230 0 0 
D232 0 0 
D233 0 0 
D234 0 0 
D235 0 2 
D236 0 0 
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Table 20, Numbers of low and high transgressive F2-derived 
oat lines for GYD in the 27 oat matings 
Number of 
Mating transgressive segregates 
no. Low High 
D205 7 1 
D206 1 1 
D207 9 0 
D208 8 0 
D209 2 0 
D210 2 0 
D211 1 0 
D212 1 0 
D213 1 0 
D214 1 0 
D215 0 0 
D216 0 0 
D221 2 1 
D222 0 0 
D223 1 0 
D224 0 0 
D225 0 6 
D226 4 6 
D227 2 0 
D228 3 1 
D229 0 0 
D230 0 0 
D232 0 0 
D233 0 23 
D234 1 3 
D235 1 0 
D236 2 1 
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occurred in nine matings. D233 had 23 F2-derived lines that 
were HTSGYD, whereas most matings with HTSGYD had only one. 
Low transgressive segregates for grain yield (referred to as 
LTSGYD) accounted for 53% of transgressive segregates and 
occurred in 18 matings. The maximum number of LTSGYD oc­
curred in D207 with nine, and eight matings had only one. 
D233 had 25.6% of its lines as HTSGYD, and no LTSGYD, and 
D207 had 25.0% of its lines as LTSGYD, and no HTSGYD. 
All but four matings (D215, D216, D224, and D232) 
had transgressive segregates for PYD (Table 21). Fourteen 
matings produced a total of 64 (of 167) high transgressive 
segregates for PYD (referred to as HTSPYD). D226 had 15 
lines that were HTSPYD which was 16.7% of its segregates. 
Twenty matings had transgressive segregates for low PYD (re­
ferred to as LTSPYD). D207 had 13 LTSPYD or 36.1% of its 
lines, and d208 had 25 LTSPYD or 28.4% of its lines. 
Y22-15-9 was the only high-protein parent which gave 
LTSPP (Table 22). Otee, as a high-protein parent, produced 
the most HTSGYD but it was a parent in only one mating. As 
high-yield parents, CI 9268 had the highest number of HTSGYD 
and CI 9271 gave 6 HTSPP, 10 HTSGYD, and 44 HTSPYD. Thus, 
CI 9271 had more progeny that were high transgressive segre­
gates than any other high-yield parent. CI 9271 has a dif­
ferent source of A. sterilis germplasm in its background than 
the other three high-yield parents. CI 9268, CI 9273, and 
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Table 21. Numbers of low and high transgressive FV-derived 
oat lines for PYD in the 27 oat matings 
Number of 
Mating transgressive segregates 
no. Low High 
D205 12 0 
D205 3 2 
D207 13 0 
D208 25 1 
D209 2 1 
D210 2 9 
D211 3 0 
D212 5 0 
D213 1 0 
D214 1 3 
D215 0 0 
D216 0 0 
D221 1 5 
D222 0 7 
D223 1 0 
D224 0 0 
D225 3 0 
D226 5 15 
D227 8 0 
D228 5 0 
D229 0 4 
D230 3 3 
D232 0 0 
D233 0 5 
D234 1 5 
D235 2 2 
D236 7 2 
Table 22. Numbers and percentages of transgressive Fg-derived oat lines for 
each parent 
Low transqressive segregates High transgressive segregates 
% of lines % of lines 
Number of within matings Number of within matings 
Parents PP GYD PYD PP GYD PYD PP GYD PYD PP GYD PYD 
High protein 
8525-73 25 53 8.2 17.4 2 3 0.7 1.0 
B525-336 5 12 2.0 4.0 6 10 2.0 3.4 
B525-593 2 2 0.7 0.7 3 1.0 
Y20-3-8 3 2 0.8 0.6 1 12 0.3 3.3 
Y22-15-9 14 9 21 CD
 
2.9 6.8 13 15 4.2 4.8 
Y201-150-8-19 3 1.1 7 2.6 
Otee 1 1 1.1 1.1 23 5 25.6 5.6 
Diana 1 2 1.1 2.2 3 5 3.3 5.6 
Dal 2 7 2.2 7.8 2 2 2.9 2.9 
Spear 1 2 1.4 2.9 
High yield 
CI 9268 8 12 19 1.6 2.4 3.7 31 15 6.1 2.9 
CI 9271 1 9 15 0.2 1.4 2.4 6 10 44 1.0 1.6 7.1 
CI 9273 5 14 27 1.3 3.1 5.9 2 2 Oo4 0.4 
CI 9277 14 42 2.5 7.5 2 3 0.4 0.5 
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CI 9277 all had B444 as a source of A. sterilis germplasm, 
whereas CI 9271 had B443 (Table 1). 
When totaled across the three traits, Otee and Y22-15-9 
each had 28 high transgressive segregates in their progeny, 
none of -which were for PP, whereas B525-335 had 15 high 
transgressive segregates, but none for GYD. The tendency of 
B525-336 to produce HTSPP when mated to CI 9271, but not 
when combined with the other three high-yield parents, is an 
indication that the high-protein genes from these two parents 
are complementary and may be due to the particular source of 
A. sterilis genes in CI 9271. The same might be used to ex­
plain the 15 HTSPYD from cross Y22-15-9 x CI 9271 (D226) 
(Table 21). 
B525-73 had the most transgressive segregates over 
traits of any parent with 83, but 78 were low transgressive 
segregates. Consequently, the genetic background of this 
parent does not combine well with the four high-yield parents 
used in this study. 
Transgressive segregates for PYD with values above 7.0 
q/ha are listed in Table 23. In the last three columns of 
this table, PYD increases for the F2-derived lines over 
their respective midparent values have been assessed to show 
the percentages of the increase due to PP, GYD, and PP x GYD. 
Obviously, the PYD increase over the midparent value can be 
due to (a) an increase in GYD only as demonstrated by the 
Table 23. Means for six traits for HTSPYD with PYD above 7.0 q/ha and the per­
centages of PYD increases over the midparent values due to GYD, PP, 
and PP X GYD 
% increase over MP values 
mating 
no. & PYD GYD PP HI HD HT Inter­
line no. q/ha q/ha % % (June) cm GYD PP action 
D208-64 7.1 39.4 18.1 41.7 16.3 100 123.1 -18.0 -5.1 
D210-4 7.0 34.8 20.0 41.6 17.7 96 68. 8 24.4 6.8 
D210-45 7.3 35.1 20.7 40.6 18.7 98 62.1 29.4 8.5 
D226-57 7.1 37.9 18.8 40.1 17.3 86 , 82.4 13.9 3.7 
D226-6 7.2 43.7 16.6 43.3 21.7 97 133.0 -22.7 -10.3 
D226-14 7.6 38.6 19.8 42.6 15.7 88 69.0 24.1 6.9 
D233-33 7.2 36.2 19.9 39.8 21.0 96 76.6 19.2 4.0 
D233-24 7.2 38.6 18. 8 38.8 23.0 99 102.3 -1.8 -0.5 
D233-25 7.3 39.4 18.6 37.4 26.7 100 107.0 -5.3 -1.7 
D233-45 7.4 37.3 19.9 37.5 21.3 96 79.0 16.9 4.1 
D233-29 7.7 41.6 18.5 40.6 21.0 96 108.1 -5.8 -2.3 
D234-4 7.0 38.9 18.0 40.6 19.3 106 113.1 -10.1 -3.0 
D234-29 7.2 40.0 18.1 39.4 19.0 100 109.3 -7.0 -2.3 
D234-62 7.5 40.4 18.7 38.7 21.0 99 95.9 3.0 1.1 
D235-26 7.8 38.1 20.5 39.3 24.0 102 77.7 17.9 4.4 
D236-65 7.3 40.0 18.3 43.8 20.0 100 95.0 4.0 1.0 
D236-26 8.2 46.2 17. 8 43.2 23.3 100 105.7 -3.9 -1.8 
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F2"derived lines D208-54, D226-6, D233-24, -25 and -29, 
D234-4, -29 and -62, and D236-26 and -55 or (b) an increase 
in both GYD and PP as shown by lines D210-4 and -45, D226-14 
and -57, D233-33 and -45, and D235-26. In no case was there 
an increase in PYD entirely due to high PP ; in fact, in none 
of these high PYD lines did PP cause more than 30% of the 
increase in PYD. Table 24 gives the F2-derived lines which 
were both HTSPP and HTSPYD. These lines had PYD of only 
6.3-6.6 q/ha, but in all three instances, PP caused a larger 
percentage of the increase in PYD over the midparent than 
did GYDo HI values were quite low for those lines where 
half or more of the PYD increase was due to pp (Table 24). 
His for the F^-derived lines with PYDs over 7,0 q/ha ranged 
from 37.4-43.8%, so HI does not appear to be correlated 
with PP, GYD, or PYD. For many F^-derived lines, high PYD 
seemed to be associated with late HD and, in a few instances, 
•with tall HTj but there are exceptions, e.g., D226-14 had 
a PYD = 7.6 q/ha, a HD = 15.7, and a HT = 88 cm. 
Genotypic Variances 
Genotypic variances for PP, GYD, and PYD for the 27 oat 
matings are presented in Table 25. Genotypic variances for 
PP ranged from 1.236 for D235 to 0,099 for D225; for GYD 
from 19.823 for D226 to 3.265 for D206; and for PYD from 
0.645 for D210 to 0.098 for D205, D206 had the lowest or 
Table 24. Means for specific Fg-derived 
HTSPYD, and the percentage of 
due to GYD, PP, and PP x GYD 
lines that were both HTSPP and 
PYD increase over the midparent value 
Mating 
no. & PYD GYD PP HI 
line no. q/ha q/ha % % 
% increase over MP values 
HD HT Inter-
(June) cm GYD PP action 
D210-2 6.3 30.0 21.1 35.9 24.0 104 36.9 57.2 5.9 
D210-1 6.4 30.2 21.3 35.1 18.3 103 36.8 56.9 6.3 
D210-46 6.6 31.3 21.1 35.9 20.3 91 45.1 47.7 7.2 
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Table 25. Genotypic variances for PP, GYD, and PYD for the 
27 oat matings 
Mating Genotypic variances 
no. PP. GYD PYD 
D205 0.345 6,611 0.181 
D206 0.100 3.265 0.098 
D207 0.397 12.239 0.372 
D208 0.544 11.124 0.335 
D209 0.236 11.385 0.427 
D210 0.630 14.951 0.645 
D211 0.310 7.166 0.234 
D212 0.364 14.311 0.370 
D213 0.302 9.676 0.254 
D214 0.355 10.488 0.316 
D215 0.250 3.667 0.099 
D216 0.357 5.877 0.124 
D221 0.406 10.183 0.356 
D222 0.143 6.746 0.212 
D223 0.250 7.586 0.189 
D224 0.339 9.816 0,243 
D225 0.099 5.642 0.141 
D226 0.644 19.823 0.552 
D227 0.470 5.799 0.155 
D228 0.401 9.468 0.185 
D229 0.327 3.815 0.155 
D230 0.482 15.372 0.484 
D232 0.304 5.693 0.174 
D233 0.548 6.735 0.146 
D234 0.280 7.863 0.212 
D235 1.236 8.714 0.258 
D236 0.561 17.788 0.538 
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second lowest genotypic variance for all three traits, and 
D2l0, D226, D230, and D236 had relatively large genotypic 
variances for all three. Genotypic variance is important 
in determining opportunity for making progress from 
selection. Thus, D210, D226, D230, and D236 would be the 
preferred matings among the 27 studied for selecting good 
combinations of PP, GYD, and PYD. 
Matings that produced segregates with highest PPs were 
D210, D230, D235, and D236 (Table 7), and those that produced 
segregates with highest GYDs were D225, D228, D233, and D236 
(Table 8). Matings with the highest PYDs were D226, D233, 
D235, and D235 (Table 9), and two of these (D226 and D236) 
had large genotypic variances for all traits. D235 had the 
highest genotypic variance for PP and, therefore, could be 
expected to give high segregates for PP and PYD. D233 was 
mediocre in genotypic variance. 
Heritability 
Mean heritability values for PP, GYD, and PYD, on a 
plot basis (Table 26a), were 0.35 for PP, 0.26 for GYD, and 
0.23 for PYD; and on a progeny-mean basis (Table 25b), they 
were 0.68 for PP, 0.57 for GYD, and 0.53 for PYD. Ranges 
in both plot and progeny-mean heritabilities were large 
for all three traits. The plot heritability values for GYD 
and PYD were lower than those reported by Takeda and Frey 
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Table 26a. Heritability values on a plot basis for PP, 
GYD, and PYD in 27 oat matings 
.. .. Heritability values 
Mating 
no. PP GYD PYD 
D205 0.34 0.23 0.20 
D205 0.19 0.13 0.11 
D207 0.30 0.38 0.33 
D208 0.44 0.30 0.27 
D209 0.19 0.31 0.31 
D210 0.44 0.43 0.44 
D211 0.28 0.22 0.19 
D212 0.42 0.41 0.36 
D213 0.34 0.29 0.24 
D214 0.38 0.25 0.23 
D215 0.27 0,11 0.09 
D215 0.38 0.15 0.10 
D221 0.45 0.30 0.30 
D222 0.21 0.25 0.23 
D223 0.27 0.19 0.15 
D224 0.38 0.28 0.22 
D225 0.11 0.21 0.17 
D226 0.45 0.43 0.39 
D227 0.36 0.19 0.15 
D228 0.36 0.22 0.15 
D229 0.35 0.16 0.18 
D230 0.50 0.42 0.39 
D232 0.50 0.21 0.19 
D233 0.45 0.17 0.11 
D234 0.39 0.21 0.18 
D235 0.63 0.28 0.24 
D236 0.46 0.36 0.34 
Mean 0.36 0.26 0.23 
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Table 26b, Heritability values on a progeny-mean basis 
for PP, GYD, and PYD in 27 oat matings 
.. . . Heritability values 
Mating 
no. PP GYD PYD 
D205 0.67 0.55 0.50 
D206 0.48 0.37 0.32 
D207 0.63 0.71 0.67 
D208 0.76 0.53 0.60 
D209 0.49 0.64 0.65 
D210 0.76 0.75 0.76 
D211 0.61 0.53 0.49 
D212 0.75 0.74 0.69 
D213 0.68 0.62 0.56 
D214 0.71 0.57 0.55 
D215 0.59 0.33 0.29 
D216 0.71 0.41 0.30 
D221 0.76 0.64 0.63 
D222 0.52 0.57 0.55 
D223 0.60 0.49 0.41 
D224 0.71 0.61 0.53 
D225 0.32 0.51 0.45 
D226 0.76 0.75 0.72 
D227 0.70 0.48 0.42 
D228 0.69 0.53 0.41 
D229 0.68 0.43 0.46 
D230 0.80 0.75 0.72 
D232 0.80 0.52 0.48 
D233 0.75 0.46 0.34 
D234 0.72 0.52 0.47 
D235 0.87 0.61 0.55 
D236 0.77 0.69 0.67 
Mean 0.68 0.57 0.53 
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(1979) who found values that ranged from 0.45-0,51 for 
derived lines from BCq through Bg of an A. sterilis x A. 
sativa mating. The lower heritability values in this study 
may have been caused by the different sources of A. sterilis 
germplasm or they have been a manifestation of the 1978 
growing season when GYDs were severely reduced due to heat. 
Heritability values for PP in this study agreed fairly well 
with those reported by Cox (1,979) and Takeda and Frey (1979). 
Interrelationships of Traits 
Phenotypic correlations for PP with G YD, PYD, HI, BWT, 
and SYD, and for PYD with G YD, HI, BWT, and SYD were calcu­
lated by pooling across all 27 oat matings to give an over­
view of the relationships among traits (Table 27). The 
strongest associations involved PYD with GYD, HI, BWT, and 
SYD. PYD and GYD were correlated with r = 0,98**, and the 
correlation between PYD and BWT was 0.87**. PP, on the other 
hand, was negatively associated with GYD with r = -0.33** 
(Figure 15), and with PYD r = -0.09*. 
Phenotypic correlations of PP with other traits under­
scores the difficulty involved in increasing PP, GYD and HI 
simultaneously. However, in specific matings or for specific 
lines within matings, these traits showed such a low associa­
tion that, in effect, they may be inherited independently. 
Phenotypic, genotypic, and environmental correlations 
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Table 27, Phenotypic correlations pooled over 27 oat 
matings for PP and PYD for 5 traits 
Trait combination Correlations 
PP — GYD -0.33** 
PP - PYD -0.09* 
PP - HI -0.31** 
PP - BWT -0.23** 
PP - SYD -0.13** 
PYD - GYD 0.98** 
PYD - HI 0.53** 
PYD - BWT 0.87** 
PYD — SYD 0.69** 
*,**Indicate values significantly different from zero 
at the 5% and 1% level, respectivelyo 
calculated for PP and PYD with other traits are presented in 
Tables 28-33 on a mating basis. 
Phenotypic correlations for PP with the five traits 
•were negative in most matings. PYD was the only trait 
with any positive associations with PP, and this occurred in 
only six matings (D210, D211, D225, D227, D229, and D235) 
(Table 28). PP and GYD had nonsignificant although negative 
correlations in five matings (D209, D210, D211, D225, and 
D229) (Figures 17-21). Matings D209, D210, and D211 have 
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Figure 16, Scatter diagram of mean GYDs vs mean PPs for 2153 Fg'derived lines 
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Table 28. Phenotypic correlations of PP with five traits 
in the 27 oat matings 
Mating Trait 
no. GYD PYD HI SWT SYD 
D205 -0.33** -0.04 -0.37** -0.18* -0.04 
D206 -0.18** -0.03 -0.12 -0.15* -0.11 
D207 -0.38** -0.16 -0.45** -0.25* -0.12 
D208 -0.35** -0.11 -0.32** -0.21** -0.09 
D209 -0.11 -0.07 -0.05 -0.14 -0.15 
D210 -0.02 0.21** -0.07 -0.02 -0.01 
D211 -0.13 0.12 -0.26** -0.03 -0.03 
D212 -0.54** -0.38** -0.38** -0.47** -0.34** 
D213 -0.47** -0.26 -0.51** -0.26 -0.04 
D214 -0.35** -0.15 -0.49** -0.18* -0.03 
D215 -0.30** -0.04 -0.25** -0.18* —0.06 
D216 -0.42** -0.18* -0.36** -0.32** -0.19** 
D221 -0.20** -0.02 —0.16* -0.14 -0.09 
D222 -0.27** -0.07 -0.09 -0.31** -0.30** 
D223 -0.39** -0.18* -0.31** -0.28** -0.16* 
D224 -0.50** -0.32** -0.41** -0.36** -0.23** 
D225 -0.14 0.12 -0.13 -0.09 -0.05 
D226 -0.43** -0.16* -0.33** -0.37** -0.30** 
D227 -0.26** O.lO -0.13 -0.20** -0.14 
D228 -0.55** -0.33** -0.36** -0.44** -0.32** 
D229 -0.14 0.15* -0.40** -0.09 -0.20** 
D230 -0.39** -0.20** -0.33** -0.32** -0.21** 
D232 -0.36** -0.14 -0.35** -0.22** -0.10 
D233 -0.39** -0.04 -0.40** -0.25** -0.14 
D234 -0.40** -0.15* -0.44** -0.24** -0.10 
D235 -0.35** 0.06 -0.44** -0.16 -0,01 
D236 -0.45** -0.24** -0.19* -0.48** -0.44** 
*,**Signifleant at the 5% and 1% levels of probability, 
respectively. 
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Table 29. Phenotypic correlations of PYD with four traits 
in the 27 oat matings 
Mating 
no. 
Trait 
GYD HI SWT SYD 
D205 0.95** 0.55** 0.89** 0.71** 
D206 0.97** 0.50** 0.87** 0.69** 
D207 0.97** 0.54** 0.88** 0.70** 
D208 0.97** 0.51** 0.83** 0.62** 
D209 0.98** 0.68** 0.89** 0.72** 
D210 0.97** 0.74** 0.89** 0.70** 
D211 0.97** 0.46** 0.88** 0.71** 
D212 0.98** 0.61** 0.89** 0.69** 
D213 0.97** 0.74** 0.89** 0.64** 
D214 0.98** 0.56** 0.90** 0.73** 
D215 0.96** 0.54** 0.75** 0.44** 
D216 0.97** 0.44** 0.82** 0.57** 
D221 0.98** 0.43** 0.88** 0.74** 
D222 0.98** 0.66** 0.85** 0.61** 
D223 0.97** 0.55** 0.84** 0.60** 
D224 0.98** 0.45** 0.89** 0.73** 
D225 0.97** 0.38** 0.89** 0.76** 
D226 0.96** 0.57** 0.90** 0.78** 
D227 0.93** 0.36** 0.84** 0.71** 
D228 0.97** 0.39** 0.90** 0.76** 
D229 0.96** 0.39** 0.87** 0.69** 
D230 0.98** 0.74** 0.87** 0.64** 
D232 0.97** 0.41** 0.85** 0.63** 
D233 0.93** 0.37** 0.89** 0.78** 
D234 0.97** 0.57** 0.92** 0.78** 
D235 0.91** 0.45** 0.85** 0.67** 
D236 0.97** 0 0 65** 0.84** 0.65** 
**Significant at the 1% level of probability. 
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Table 30. Genotypic correlations of PP with five traits in 
the 27 oat matings 
Mating Trait 
no. GYD S YD HI BWT SYD 
D205 -0.43 
D206 -0.36 
D207 -0.54 
D208 -0.38 
D209 -0.07 
D210 -0.01 
D211 -0.26 
D212 -0.63 
D213 -0.65 
D214 —0.48 
D215 -0.38 
D216 -0.70 
D221 -0.33 
D222 -0.34 
D223 -0.61 
D224 -0.67 
D225 -0.34 
D226 -0.55 
D227 -0.45 
D228 —0. 84 
D229 -0.11 
D230 -0.46 
D232 —0.46 
D233 -0.65 
D234 -0.54 
D235 -0.44 
D236 -0.54 
-0.11 -0.56 
-0.13 -0.40 
-0.35 -0.63 
-0.10 -0.34 
0.08 -O.Ol 
0.23 -0.07 
-0.01 -0.39 
-0.48 -0.39 
-0.46 —0.64 
-0.28 -0.65 
-0.02 -0.26 
-0.46 -0.53 
0.00 -0.17 
-0.14 0.04 
-0.43 —0.46 
-0.52 -0.57 
-0.16 -
-0.28 -0.44 
0.00 -0.16 
-0.67 -0.56 
0.26 -0.56 
-0.27 -0.38 
-0.20 -0.42 
-0.23 -0.87 
-0.26 -0.62 
0.06 -0.54 
—0.32 -0.17 
-0.24 -0.04 
-0.25 -0.16 
-0.36 -0.19 
-0.20 -0.07 
-0.15 -0.20 
-0.01 -0.02 
-0.10 0.00 
-0.58 -0.46 
-0.42 -0.12 
-0.26 -0.09 
-0.21 -0.07 
-0.50 -0.34 
-0.19 -0.16 
-0.54 -0.69 
-0.42 -0.25 
—0.46 -0.31 
-0.20 -0.12 
-0.48 -0.42 
-0.32 -0.24 
-0.63 —0.46 
0.23 0.38 
-0.41 -0.31 
-0.27 -0.12 
-0.40 -0.23 
-0.37 -0.20 
-0.20 -0.01 
-0.59 -0.56 
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Table 31. Genotypic correlations of PYD with five traits 
in the 27 oat matings 
Mating Trait 
no. GYD HI SWT SYD 
D205 0.95 0.56 0.94 0.81 
D206 0.97 0.36 0.93 0.84 
D207 0.98 0.56 1.13 0.75 
D208 0.96 0.37 0.85 0.69 
D209 0.99 0.72 0.90 0.75 
D210 0.97 0.79 0.91 0.77 
D211 0.97 0.38 0.90 0.76 
D212 0.98 0.63 0.91 0.74 
D213 0.97 0.85 0.91 0.69 
D214 0.98 0.51 0.94 0.84 
D215 0.93 0.48 0.60 0.28 
D216 0.95 0.19 0.82 0.62 
D221 0.97 0.25 0.93 0.87 
D222 0.98 0.93 0.89 0.73 
D223 0.98 0.40 0.89 0.74 
D224 0.98 0.25 0.95 0.87 
D225 0.98 - 1.01 1.04 
D226 0.96 0.65 0.93 0.87 
D227 0.90 0.23 0.88 0.82 
D228 0.97 -0.01 0.98 0.94 
D229 0.94 0.25 0.89 0.75 
D230 0.98 0.82 0.90 0.68 
D232 0.96 0.30 0.83 0.64 
D233 0.89 -0.13 0.98 1.01 
D234 0.95 0.66 0.95 0.88 
D235 0.87 0.35 0.87 0.74 
D236 0.97 0.67 0.85 0.68 
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Table 32. Environmental correlations of PP with five traits 
in the 27 oat matings 
Mating Trait 
no. GYD PYD HI. BWT SYD 
D205 -0.16* 0.07 -0.37** -0.18* -0.04 
D206 -0.04 0.15 0.05 -0.07 -0.07 
D207 -0.07 0.18 -0.11 -0.02 0.02 
D208 -0.30** -0.13 -0.27** -0.23** -0.12 
D209 -0.17* 0.06 -0.11 -0.14 -0.10 
D210 -0.05 0.14 —0.08 -0.04 -0.02 
D211 0.05 0.27** -0.07 0.08 0.09 
D212 -0.29** -0.11 -0.37** -0.13 0.01 
D213 -0.13 0.07 -0.20 -O.Ol 0.08 
D214 -0.13 0.06 -0.23** 0.00 0.11 
D215 -0.26** -0.06 -0.23** -0.15* -0.04 
D216 -0.11 0.07 -O.lO -0.05 0.01 
D221 -0.11 0.06 -0.18* 0.01 0.10 
D222 -0.19** 0.01 -0.18* -0.08 0.00 
D223 -0.13 0.07 -0.12 -0.08 -0.02 
D224 -0.19** -0.01 -0.21** -0.11 -0.01 
D225 0.00 0.23* 0.05 0.00 0.01 
D226 -0.07 0.19** -0.12 -O.Ol 0.04 
D227 0.01 0.24** -0.08 0.05 0.08 
D228 -0.11 0.07 -0.16* -0.05 0.01 
D229 -0.19** 0.02 -0.16* -0.13 -0.06 
D230 -0.15 0.03 -0.17* -0.07 0.00 
D232 -0.20** -0.05 —0.18* -0.13 -0.05 
D233 -0.02 0.20** -0.05 O.Ol 0.03 
D234 -0.1 ** -0.01 -0.28** -0.07 0.03 
D235 -0.15 0.08 -0.26** -0.04 0.05 
D236 —0.18* 0.01 -0.23** -0.11 -0.03 
*,**Significant at the 5% and 1% levels of probability, 
respectively. 
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Table 33. Environmental 
traits in the 
correlations of 
27 oat matings 
PYD with four 
Mating Trait 
no. GYD HI BWT SYD 
D205 0.97** 0.53** 0.84** 0.63** 
D206 0.98** 0.57** 0.85** 0.61** 
D207 0.97** 0.51** 0.82** 0.58** 
D208 0.98** 0.72** 0.83** 0.51** 
D209 0.97** 0.63** 0.87** 0.67** 
D210 0.98** 0.64** 0.82** 0.56** 
D211 0.97** 0.56** 0.87** 0.66** 
D212 0.98** 0.58** 0.84** 0.56** 
D213 0.98** 0.58** 0.86** 0.59** 
D214 0.98** 0.61** 0.85** 0.56** 
D215 0.98** 0.60** 0.84** 0.57** 
D215 0.98** 0.63** 0.84** 0.57** 
D221 0.98** 0.65** 0.81** 0.47** 
D222 0.98** 0.51** 0.80** 0.54** 
D223 0.98** 0.67** 0.81** 0.48** 
D224 0.98** 0.66** 0.84* * 0.53** 
D225 0.95** 0.65** 0.78** 0.47** 
D226 0.96** 0.45** 0.83** 0.58** 
D227 0.97** 0.51** 0.86** 0.63** 
D228 0.98** 0.66** 0.88** 0.62** 
D229 0.98** 0.52** 0.84** 0.63** 
D230 0.98** 0.55** 0.83** 0.57** 
D232 0.99** 0.56** 0.87** 0.65** 
D233 0.97** 0.57** 0.86** 0.63** 
D234 0.98** 0.51** 0.89** 0.71** 
D235 0.97** 0,57** 0.84** 0.58** 
D236 0.98** 0.61** 0.85** 0.57** 
**Significant at the 1% level of probability. 
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the same line B525-336 as a high-protein parent and D209, 
D225, and D229 have the high-yield parent CI 9258 in common. 
D210 is unique for its phenotypic correlations involving PP. 
GYD, HI, BWT, and SYD all were uncorrelated with pp, and PYD 
was significantly and positively associated with PP with r = 
0.21**. Thus, all traits except PYD were independent from 
PP in this mating. These correlations collaborate the find­
ing of Fg-derived lines from this mating with both PP and 
GYD contributing to transgressively high PYDs (7.0 to 7.2 
q/ha) (Table 23). D208, D226, D233, D234, D235, and D236 
also produced HTSPYD with more than 7 q/ha (Tables 9, 21; 
Figures 11, 13, 14, and 15), but for most of the lines in 
these matings, increased PYD was due primarily to increased 
GYD. All of these latter matings had highly significant 
negative correlations between PP and GYD (Table 28; Figures 
22-27). 
Phenotypic correlations of PYD with GYD and BWT were 
large, highly significant, and positive for all matings 
(Table 29). SYD and HI also had significantly positive 
associations with PYD for all matings, but they were smaller 
than the associations of PYD with GYD and BWT. These corre­
lations agreed well with the values obtained by Jalani et 
al. (1981) for phenotypic correlations involving PYD with 
GYD, HI, and SYD. 
Genotypic and environmental correlations between PP and 
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the other five traits were generally low in magnitude (Tables 
30 and 32) and corroborate those reported by Takeda and Prey 
(1979) for F2-derived lines from backcross populations from 
an A. sativa x A. sterilis mating. Some exceptions occurred, 
however. Genotypic correlations for PP and GYD were very 
low for D209, D2l0, and D229 with the values -0.07, -O.Ol, 
and -0.11, respectively. The environmental correlation for 
D2l0 was -0.05, whereas those for D209 and D229 were signifi­
cant at -0.17* and -0.19**, respectively. Thus, in these 
matings, PP and GYD tended to be inherited independently. 
D224 and D228 had genotypic correlations greater than -0.50 
for these traits, but their error correlations were low and 
nonsignificant. This discrepancy between magnitudes of geno­
typic and environmental correlations can occur when the two 
sources of variation (genotypic and environmental) affect 
traits through different physiological pathways (Falconer, 
1981). 
PYD was highly correlated genotypically and environ­
mentally with GYD and SWT (Tables 31 and 33). These results 
are in agreement with those of Takeda and Prey (1979) in 
their backcross populations, GYD, BWT, and PYD were inter­
related with genotypic and environmental correlations near 
1.00, and changes in any one of these traits would be re­
flected in the other two. The results for HI and SYD for 
genotypic and environmental correlations are also similar to 
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those reported by Takeda and Frey (1979). In D225, there 
are no values for the genotypic correlations with PP and HI 
since neither trait showed significant genotypic variation 
(Appendix Table Al). 
Design II Analyses 
The mean square for specific combining ability (SCA) 
computed from matings means for PP was highly significant 
(Appendix Table A2). The general combining ability (GCA) 
mean square for high-protein parents was significant when 
tested with the SCA mean square, but the GCA mean square for 
the high-yield parents was nonsignificant. Estimates of 
GCA and SCA effects for PP are given in Table 34. Y201-150-
8-19 had the largest positive effect and B525-336 also had 
a large positive effect, indicating that these parents would 
generally confer high PP to their progeny. Y22-15-9 had 
the largest negative effect of all parents. The largest 
specific effect was obtained for the mating B525-336 x 
CI 9271. Both parents in this mating were good combiners 
with respect to their high-protein or high-yield counterparts. 
PP in this mating was due to both GCA and SCA effects. 
The GCA mean square for high-protein parents and the 
SCA mean square were highly significant for GYD (Appendix 
Table A3), but GCA mean square for high-yield parents was 
again nonsignificant. The largest positive GCA effect for 
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Table 34. General and specific combining ability effects 
for PP based on mating means for F2-derived 
lines of oats 
General 
(9j) 
— effects 
CI 9268 CI 9271 CI 9273 CI 9277 of HPR 
High-protein 
parents 
(HPR) 
High-yield parents (HYP) 
Specific effects (suj) 
B525-73 -0.168 -0.258 0.358 0.068 0.210 
B525-336 0.196 0.781 -0.378 -0.599 0.436 
B525-593 0.012 -0.359 0.181 0.166 -0.242 
Y20-3-8 0.554 -0.104 -0.445 -0.005 -0.029 
Y22-15-9 -0.774 0.058 0.284 0.432 -0.937 
Y201-150-8-19 0.180 -0.118 -0.062 0.562 
General (g^) 
effects of HYD -0.050 0.116 0.096 -0.162 
GYD was 3.002 for Y22-15-9 (Table 35). Among the KYD 
parents, CI 9271 has the largest GCA effect. 3525-593 x 
CI 9277 and Y20-3-8 x CI 9273 were the matings with the 
largest positive specific effects. None of these four 
parents had a high GCA effect, indicating that the expression 
for grain yield in these matings was due largely to SCA. 
The SCA mean square for PYD was highly significant, 
whereas the GCA mean squares for high-protein and high-
yield parents were nonsignificant (Appendix Table A4). 
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Table 35. General and specific combining ability effects 
for GYD based on mating means for F^-derived 
lines of oats 
High-protein 
parents 
• (HPR) 
High-yield parents (HYP) 
CI 9268 CI 9271 CI 9273 CI 9277 
General 
( ë j )  
effects 
of HPR 
Specific effects 
B525-73 0.255 1.051 -1.540 0.234 -0.383 
B525-336 -0.110 -0.433 1.064 -0.522 -2.739 
B525-593 -1.436 -0.368 0.084 1.720 1.612 
Y20-38-8 -0.470 0.846 1.326 -1.702 -0.689 
Y22-15-9 1.088 0.656 -0.934 -0.810 3.002 
Y201-150-8-19 0.574 -1.752 1,079 -0.803 
General (g^) 
effects of HYD -0.332 0.241 0.039 0.052 
Y22-15-9 had the largest positive GCA effect among the 
high-protein parents (Table 36), and B525-336 had the 
largest negative GCA effect. Again, the GCA effects for 
high-yield parents were small. B525-593 x CI 9277 had the 
largest SCA effect. B525-593 had a relatively large GCA 
effect, but CI 9277 had a very low negative effect. In 
this mating, both GCA and SCA effects have affected the ex­
pression of PYD. 
The variance components for GCA and SCA for PP, GYD, 
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Table 36. General and specific combining ability effects 
for PYD based on mating means for F^-derived 
lines of oats 
High-protein 
parents 
(HPR) 
High-yield parents (HYP) 
CI 9268 CI 9271 CI 9273 CI 9277 
General 
(âj) 
effects 
of HPR 
B525-73 
B525-336 
B525-593 
Y20-3-8 
Y22-15-9 
Y201-150-8-19 
General (gj) 
effects of HYD 
Specific effects (s^j) 
0.011 
0.031 
-0.248 
0.064 
-0.035 
0.176 
-0 .080  
0.140 
0.114 
-0.172 
0.142 
0.144 
-0.368 
0 .082  
-0.201 
0.106 
0.062 
0.104 
-0.070 
0.050 
-0.251 
0.358 
-0.310 
-0.039 
0,192 
-0.013 
-0.393 
0.235 
-0.129 
0.289 
0.011 
0.034 -0.036 
and PYD are presented in Table 37. The variance for high-
yield parents was low in magnitude and negative for all 
three traits, indicating that there was little or no genetic 
difference between the high-yield parents used in this ex­
periment. The GYD variance component for OCA effects was 
about 2.5 times that of the component for SCA effects, and 
the component for GCA effects of high-protein parents was 
more than 3.0 times that for the GCA effects of high-yield 
parents. The ratio of general to specific effects can in­
dicate the relative importance of additive and nonadditive 
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Table 37. Estimates of variance components for general and 
specific combining ability and their interactions 
with locations calculated from combined data of 
F2~derived lines of oats 
Estimated 
component PP GYD PYD 
Var HYD; GCA -0.0420 -0.3528 -0.0107 
Var HPR; GCA 0.2361* 3.5828** 0.0331 
Var (HYD*HPR) SCA 0.2066** 1.2512** 0.0395** 
Var (HYD*Loc) g^ x Loc 0.0491* 0.3911* 0.0258** 
Var (HPR*Loc) gj x Loc 0.1598** 0.8765** 0.0734** 
Error mean square 0.1743 1.7907 0.0527 
*,**Significant at the 5% and 1% level, respectively. 
genetic effects. Consequently, for GYD, additive effects 
appear more important than nonadditive genetic effects. For 
both pp and PYD, the ratio of general to specific effects 
was about 1.0, indicating that both the additive and non-
additive genetic effects were important for genes determin­
ing these traits. 
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DISCUSSION 
Seventy percent of the edible protein produced in the 
-world for human consumption comes from plant sources (Jalil 
and Tahir, 1970). Of this, 68% comes from the cereal grains 
and only 18% comes from legumes (Jalil and Tahir, 1973). 
Among the cereals, oats has the best quality protein and the 
amino acid composition of its protein is relatively constant 
over a wide range of protein percentages (Czonka, 1941; 
Peterson, 1976). Therefore, oats provide an excellent 
species for research on protein because of these unique 
properties and its value as a human food. 
The productivity and biological value of protein are 
important considerations to the world food supply. Penning 
de Vries (1975) found that it requires 1.0 unit of glucose 
to produce 0.40 units of protein or 0.83 units of carbohy­
drate. Protein production, therefore, requires more than 
twice the energy needed for production of storage carbohy­
drate. Thus, it -would seem that to increase protein produc­
tivity would, of necessity decrease carbohydrate productivity 
disproportionately if net photosynthesis remained constant. 
In other words, energy relationships of protein and carbo­
hydrate production and their storage in plants seem to dic­
tate that protein production by plants be kept at a level 
that just meets human needs. Otherwise, the sun's energy 
captured in the photo synthetic process will be wasted on the 
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metabolic process of protein production. Currently, however, 
protein deficiency is an important cause of malnutrition in 
some areas of the world, so more plant protein is important 
for solving the world food crisis (Hegsted, 1978; Samonds 
and Hegsted, 1978). 
Grain protein yield per unit land area is the best cri­
terion for early generation selections in breeding programs 
aimed at improving protein productivity according to Bhatia 
(1975). Consequently, this discussion will deal mainly with 
the trait PYD and its relationships with PP and GYD, but it 
will also consider interactions among these traits. At 
present, cereal grain is purchased on a weight basis through­
out the world and little or no consideration is given to the 
criteria PP or PYD of cereals. Thus, breeding efforts have 
been channeled primarily to improve GYD only. Assuming that 
PYD may become an important factor in the market place, prob­
lems with PP can still occur. Increases in PYD/ha alone 
may not have the desired impact on solving world food prob­
lems if the actual PP in the grain is allowed to drop below 
a critical level for nutrition in the achievement of this 
goal. Such an occurrence might be expected if the negative 
correlation so often observed between pp and GYD is genetic 
in determination. Thus, it becomes important -co monitor the 
components responsible for increases in PYD so that insofar 
as possible both PP and GYD are exploited in the production 
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of high PYD cultivars. Breeding programs to increase PYD 
should be studied to find if the increases in this trait 
are due to increased PP, GYD, or concurrent increases in 
both. 
Success of selection for improvement of a trait in a 
plant breeding program depends on many items. Among these 
is the presence of genetic variation. The analyses of 
variance showed that significant variability occurred in all 
matings in my study for GYD and PYD, and for PP in all mat-
ings except D225 (Appendix Table A1 and Table 7). There­
fore, selection for these traits should be effective in all 
matings except D225. 
Knowledge of the gene action and mode of inheritance 
involved for a trait is also necessary in developing an 
efficient plant breeding program. The F2-derived line fre­
quency distributions for all matings were generally 
symmetrical and continuous for PP, GYD, and PYD (Figures 1-
15). This and the mean minimum number of effective factor 
pairs for each trait (4.8 for PP, 5.5 for GYD, and 7.2 for 
PYD) (Table 17) suggest that these traits were quantitatively 
inherited. Quantitative inheritance has been reported for 
PP by East and Jones (1920) and Prey (1949) in maize, and 
by Prey et al. (1954) and Sraon et al. (1975) in oats. 
A comparison of the means of F2-derived lines and mid-
parent values for the matings in this study indicated that 
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additive gene action was operating in 5, 12, and 16 matings 
for PP, GYD, and PYD, respectively (Tables 7-9). In the 
other matings, nonadditive gene action was important also. 
The magnitude of the variance components from the design II 
analyses implied that additive genetic effects were more 
important than nonadditive genetic effects for GYD, but 
for PP and PYD both additive and nonadditive genetic effects 
were important for genes determining these traits (Table 37). 
Previous research has shown that additive and epistatic gene 
action account for most of the genetic variation for PP in 
interspecific oat matings (Campbell and Frey, 1972b; Cox, 
1979; Twig and Ohm, 1976, 1978). It was impossible to dif­
ferentiate whether dominance or epistasis was the source of 
nonadditive gene action involved in PP inheritance in these 
oat matings, but because these segregates were tested in 
the Fg and F^, it is unlikely that dominance was of much 
importance. Of course, factors such as linkage and the 
presence of homeologous loci could have altered the expres­
sion of gene action for PP. 
In 19 matings, the progeny means for PP were signifi­
cantly lower than the midparent value, suggesting that, if 
dominance is operating, low PP tends to be dominant (Table 
7). This would be in agreement with reports by Frey et al. 
(1954) and Campbell and Frey (1972b). Mating D225 had a 
progeny mean lower than both parents (Figure 3). Of the 
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3 matings (D209, D210, and D235) with progeny means sig­
nificantly greater than their midparent, D210 had a progeny 
mean very close to the high-protein parent and no Fg-derived 
lines as low as the low protein parent (Figure 1), suggest­
ing epistasis for high PP in this mating. 
Transgressive segregates occurred for all three traits 
(PP, GYD, and PYD) (Tables 19-21). There were few HTSPP 
(0.37% of all F^-derived lines). D210, the mating with the 
smallest negative correlation between PP and GYD, contained 
six of the eight HTSPP or 6.7% of its lines, and D235 had the 
other two HTSPP. Neither of these matings had any LTSPPj 
the LTSPP were in matings D225 (8 LTSPP), D226 (1 LTSPP), 
and D227 (5 LTSPP) which had the A. sterilis derived high-
protein parent Y22-15-9 in common. This is the parent 
which had the largest negative GCA effect of all parents 
for PP. D210 (B525-335 x CI 9271) had the largest SCA 
effect of all matings, and both of these parents were good 
combiners with respect to GCA, indicating pP in this mating 
was due to both GCA and SCA effects. 
The 6.7% of the progeny in D210 that were HTSPP was a 
higher percentage than would have been expected by chance, 
since less than 5% of the F2-derived lines in a mating would 
be expected to be significantly above the high parent. 
These results imply that in D210 there were nonallelic fac­
tors from the two parents for PP that complemented one 
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another additively or epistatically. Since all transgres-
sive segregates were positive for PP, the complementary gene 
interactions probably were epistatic. If the two parents 
involved in D210 contained mainly allelic factors for PP, or 
their complementarity was additive, there should have been 
both LTSPP and HTSPP. Cox (1979) studied segregations for 
PP in matings of the types A. sativa x A. sativa, A. sterilis 
derived lines x A. sterilis derived lines, and A. sativa x 
A. sterilis derived lines where all parents had high PP. 
He found that matings that involved high PP genes from 
different species (i.e., A. sativa x A. sterilis lines) 
contained more transgressive segregates than matings with 
both parents that had genes from the same species. In this 
study, high PP genes from the two oat species interacted 
complementarily in an additive manner in four of the matings. 
In one mating, epistasis resulted in only HTSPP, while in 
another mating, nearly all transgressive segregates were for 
low PP. Both D210 and D235, the matings that produced HTSPP 
in this study, were interspecific matings with respect to 
high PP genes. In contrast, D225, D225, and D227, the 
matings that produced LTSPP, were intraspecific with all 
high PP genes from A. sativa. 
In wheat, the cross Atlas 56 x Nap Hal, two unrelated 
lines with high grain-protein content, produced progeny 
that were high transgressive segregates for grain-protein 
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content. These high transgressive segregates were 
attributed to different protein genes in the two parents 
that were complenentary to each other (Johnson et al., 1973; 
Vogel et al., 1978). In barley, high transgressive segre­
gates were obtained for grain protein in progeny from 
Impala x Himalaya (Barbacki et al., 1975). Therefore, 
diversity of origin of parental genotypes as suggested by 
Halloran (1975) would be a worthy criterion for selecting 
high protein lines to be used in a breeding program, since 
there would be a greater likelihood of the involvement of a 
broader array of different genes. 
There were 43 and 49 F2-derived lines that were HTSGYD 
(2.0%) and LTSGYD (2.3%), respectively, from 20 matings 
(Table 20). Individual matings contained up to 25% of their 
progeny as transgressive segregates for GYD, indicating the 
expression of complementary gene action. More of the 
LTSGYD and HTSGYD were from interspecific rather than intra-
specific matings. Twenty-three of the HTSGYD were progeny 
of D233 (Otee x CI 9271). D225 (Y22-15-9 x CI 9268) and 
D225 (Y22-15-9 x CI 9271) each had six HTSGYD. This sug­
gests that different genes which were complementary for GYD 
existed in the parents of these matings. In mating D226, 
the complementary gene interactions were probably additive 
since four LTSGYD also occurred, whereas in D225 and D233 
where no LTSGYD occurred, the complementary interactions 
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probably were epistatic. The high-protein parent Y22-15-9 
had the largest positive GCA effect of all plants for GYD 
(Table 35) . Among the high-yield parents, CI 9271 had the 
largest GCA effect, but the matings which had the largest 
SCA effects were D216 and D223. Matings D225 and D226 had 
moderate SCA effects. Thus, in the matings which produced 
the highest number of HTSGYD that were included in the 
design II analysis, the general effects of the high-protein 
parent tend to be important. B525-336 had the largest nega­
tive GCA effect and produced matings with the lowest GYD 
progeny means (Table 14). 
There were more transgressive segregates for PYD than 
for either PP or GYD. Of the 2153 F^-derived lines studied, 
64 were HTSPYD (2.97%) from 14 matings (Table 21). Both 
D210 and D235, which had HTSPP, also had HTSPYD. In D210, 
three of the six HTSPP were also HTSPYD (Table 24). Of the 
15 F2-derived lines that were HTSPYD in D226, six were also 
HTSGYD, and one of these six was a LTSPP. There were 103 
(4.78%) LTSPYD distributed over 20 matings. Over half of 
the LTSPYD were progeny from the four matings involving the 
high-protein mutation parent B525-73. Y22-15-9, a parent for 
D226, had the largest positive GCA effect (Table 36) of the 
high-protein parents, and B525-336, a parent for D210, had 
the largest negative GCA effect of the high-protein parents 
for PYD. Therefore, Y22-15-9 and B525-336 reacted the same 
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way for both GYD and PYD, and they gave the highest and 
lowest progeny means over matings, respectively, for both 
GYD and PYD (Tables 14 and 15). This again shows that overall 
PYD is largely determined by GYD as reported by Ohm and 
Patterson (1973a) and Takeda and Frey (1979). 
Comparing the inter- and intraspecific matings for PYD, 
30 of the HTSPYD were from interspecific matings and 34 
were from intraspecific matings. Seventy-four of the 103 
LTSPYD were from interspecific matings. This shows again, 
as did the trait GYD, that complementary gene action for 
PYD could occur in both inter- and intraspecific matings. 
Depending on the mating involved, the complementary gene 
interactions were either additive or epistatic (Table 21). 
In D226, D210, and D222, which had 15, 9, and 7 HTSPYD, re­
spectively, PYD was probably due to epistatic interactions 
since so few LTSPYD (5, 2, and 0, respectively) occurred 
in these matings. Thus, the possibility of obtaining lines 
equal to or better than their high parent existed for the 
three traits studied, in many matings, but particularly in 
D210, D226, D233, and D235. These four matings (D210, D226, 
D233, and D235) along with D236 (which also had HTSGYD and 
HTSPYD) (Tables 20 and 21) had relatively high genotypic 
variances for all three traits (Table 25). 
The parental source of high-protein germplasm (i.e.. 
Groups A, B, or C, Table 2) did seem to affect the 
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transgressive segregates produced. Information from the 
design II analyses (Table 37) showed that significant dif­
ferences occurred for the two traits (PP and GYD) between 
the high protein parents utilized. There were no signifi­
cant differences among the high-yield parents. The simi­
larity between high-yield parents would be expected since 
CI 9268, CI 9273, and CI 9277 had the same A. sterilis 
donor parent (B443) and since the lines CI 9268, ci 9271, 
and CI 9273 have the same recurrent parent (Clintford) (Table 
2). CI 9271 which did contain a different A. sterilis germ-
plasm source (B444) was generally involved in the best 
matings and had the highest GCA effects of the four high-
yield parents (Tables 34-36). 
No one group of high-protein parents produced HTSPP 
(1 mating in each Group A and C), but Y22-15-9 in Group B 
was the parent involved in all three matings which had LTSPP. 
Differences did occur among the high-protein parental groups 
for transgressive segregates for GYD. Group A parents had 
only two HTSGYD and 33 LTSGYD (Table 20) indicating they 
were poor parents for increasing GYD. Both Groups B and C 
contained specific crosses that produced several progeny 
that were HTSGYDj of these, D225 and D225 had relatively 
large SCA effects, but even then many matings contained no 
HTSGYD. HTSPYD occurred in matings from all three groups. 
Group B had 34 of the F2-derived lines that were HTSPYD as 
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progeny from its matings, but both Groups A and C had 
specific matings that produced HTSPYD progeny. D226 and 
D210, as stated before, with the most HTSPYD had moderate 
specific effects. These results suggest that specific 
genetic combinations were very important in determining 
which matings produced the best PPs, GYDs, and PYDs, and that 
no group of protein parents, as a whole, was superior to any 
other. 
It is important to note that the matings involving the 
high protein cultivars (D233, D234, D235, and D236) gen­
erally produced progeny with the highest PYDs (Table 9). 
This could be due to the agronomic adaptability of these 
high-protein lines. 
A third important consideration in a breeding program 
is the heritability of the trait. On a plot basis, the mean 
heritabilities for PP, GYD, and PYD were 0.36, 0.26, and 
0.23, respectively (Table 26a), The plot heritabilities for 
the three matings D210 (PP = 0.44, GYD = 0.43, and PYD = 
0.44), D226 (PP = 0.45, GYD = 0.43, and PYD = 0.39), and 
D236 (PP = 0.46, GYD = 0.36, and PYD = 0.34) were consider­
ably higher than the mean values. Thus, heritabilities, 
particularly in three important matings (D210, D225, and 
D236) were high enough for successful selection for in­
creased PP and PYD in oats. 
As in many previous studies on cereal grain, I found 
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that, in general, PP of oats had a highly significant, 
negative correlation with GYD (-0.33**), and a small sig­
nificant correlation with PYD (-0.09*). In contrast, PYD 
and GYD had nearly a perfect positive association (0.98**). 
These results are in agreement with previous research. 
Bhatia (1975), Cox (1979), Jalani and Frey (1979), Jenkins 
(1969), and Frey (1977) reported negative correlations be­
tween PP and GYD; Bhatia (1975), Cox (1979), McNeal et al. 
(1966), and Takeda and Frey (1979) found generally high posi­
tive correlations between GYD and PYD; and Jalani et al. 
(1981), Takeda and Frey (1979), Takeda et al. (1979), and 
Bhatia (1975) reported small negative or positive correla­
tions between PP and PYD. So the general conclusions from 
my results and other literature on the subject would be that 
(a) nearly all increases in PYD via breeding will occur be­
cause of increases in GYD, and (b) there should be no dif­
ficulty in maintaining a critical level of PP in the selected 
materials because PYD and PP are inherited nearly indepen­
dently of each other. That is, if PYD is increased in a 
breeding program, PP can be maintained at an acceptable 
level, but the PYD increase will be due to GYD increase. 
This illustrates how research information is utilized by 
plant breeders to set goals and objectives and to organize 
breeding programs. 
In my study, it is true that there was a highly signifi­
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cant correlation between PP and GYD for the overall experi­
ment, but there were five matings (D209, D210, D211, D225, 
and D229) in which PP and GYD were inherited more or less 
independently (Figures 17-22). The parents B252-335 and 
CI 9268 were each involved in three of these matings. Further, 
some matings which had significant negative correlations 
between PP and GYD contained specific E^-derived lines with 
both high PP and GYD. For example, D225 (-0.43**) and D233 
(-0.39**) (Figures 23 and 24) had some F^-derived lines with 
both high PP and GYD. These F^-derived lines with high PP 
and GYD substantiate the ideas and data of other researchers 
who have found similar segregates in their studies and have 
suggested the plausibility of selecting wheat and oat culti-
vars in which both PP and GYD contribute to high PYD 
(Ellison et al., 1977; Frey, 1973, 1977; Iwig and Ohm, 1976; 
Spilde et al., 1974; Sraon et al., 1975). Therefore, sig­
nificant negative correlations obtained for whole populations 
may not give the true picture of the relationships between 
traits that occur in specific lines or in specific germplasm 
sources. And, specifically, these matings that show inde­
pendence of PP and GYD and the segregation of lines with 
high levels of both traits certainly indicate that both 
components, PP and GYD, can be used to increase PYD if the 
proper germplasm sources are utilized in a breeding program. 
This is a good illustration of the axiom that plant breeders 
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study relationships among traits not to learn what can or 
cannot be accomplished, but rather to learn how difficult 
it will be to attain an objective. 
Negative associations between PP and GYD and positive 
associations between GYD and PYD have led people to select 
for high PYD by selecting for high GYD, leaving PP to 
either decrease or remain at the present level. This limited 
improving PYD to the genetic variability present for GYD, 
and made no use of the genetic variability that existed for 
pp. In this study, since genetic variability was available 
for both PP and GYD, it provided an excellent opportunity 
to study these relationships to see if increased PYD could 
be effected by PP also. 
The results of this study indicate that high PYD is not 
derived via the same route(s) in all matings. When specific 
HTSPYDs were compared to the appropriate midparent values 
(Tables 23 and 24), increases in PYD (over the midparent 
values) were due to either increases in GYD alone or in­
creases in both traits GYD and PP. In most cases where the 
increase was due to GYD, PP was near the midparent PP value. 
No case occurred in which an increase in PYD over the mid-
parent value was due to an increase in PP alone. These 
results were in accordance with those of Takeda and Frey 
(1979) and Jalani et al. (I98l) who found increases in PYD 
were usually due to increases in GYD, but in some lines. 
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increases in PYD could be caused by both. Thus, my re­
sults suggest that genetic variability for both GYD and PP 
can be exploited in selection for high PYD. The incidence 
of segregates that were HTSPYD due to both high PP and high 
GYD was very low when computed over all matings. However, 
certain matings (D210 and D235) show a high incidence of 
segregates that were HTSPYD due to both high PP and high GYD. 
Figures 28-30 show some examples of the routes via which in­
creases in PYD occurred in different HTSPYD. Each diagram 
compares a specific HTSPYD F^-derived line with the mid-
parent and high parent values for PP, GYD, and PYD from its 
mating. 
In the D210 HTSPYD lines shown in Figure 28a, the PYD 
of 7.3 q/ha was accounted for 68.2% by the midparent values 
for the mating, 19.8% was due to higher GYD, 9.3% to higher 
PP, and 2.7% to an interaction between greater PP and greater 
GYD. In other words, GYD accounted for about two-thirds of 
the increase in PYD over the midparent PYD, but both GYD and 
PP did contribute. The PYD of this HTSPYD was greater than 
the best combination expected on the basis of parental per­
formance (6.5 q/ha) and the best check varieties (Otee = 
5.0 q/ha and Lang = 5.7 q/ha). 
The HTSPYD lines shown in Figures 28b and c had PYDs 
of 21.3% and 23.0%, respectively, greater than the midparent 
due to nearly equal contributions from greater PP and greater 
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lines from D226 with the D226 midparent value 
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GYD. These three examples show that, in a number of HTSPYD 
lines from mating D210, PP and GYD were both important con­
tributors to the increases that occurred in PYD. 
D226, which had a correlation of -0.427** between GYD 
and PP and large genotypic variances for both traits, is a 
mating in which HTSPYD lines were due to various combinations 
of greater GYD and greater PP. The HTSPYD from D226 had 
four basic types of interaction of PP and GYD (Figure 29). 
The HTSPYD in Figure 29a had its PYD increase over the mid-
parent caused 20.3% by GYD, 7.1% by PP and 2.0% by the inter­
action between PP and GYD. This F^-derived line had the 
second highest PP (19.8%) and the fifth highest GYD (38.5 
q/ha) among the 90 progeny from this mating. The increase in 
PYD over that of the midparent for the HTSPYD shown in 
Figure 29b was due entirely to higher GYD. This high line 
had 6.0% reduction in PYD due to a low PP. Its ranking 
among segregates in D226 was 85th for PP and first for GYD. 
For the HTSPYD shown in Figure 29c, PP and GYD contributed 
about equally to the increase in PYD over the midparent value. 
For the HTSPYD in Figure 29d, high GYD accounted for nearly 
all of the increase in PYD over the midparent value. Thus, 
in D225, HTSPYD could be caused by both high GYD and high PP 
or by high GYD only. 
The examples from D234, shown in Figures 30a and b, are 
representative of D206, D208, D209, D214, D234, and D236, 
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where most of the HTSPYD were caused by high GYD with a PP 
that did not differ from the midparent. 
The information given in Figures 28-30 further illus­
trates that even though there is a nearly perfect positive 
association between GYD and PYD over all cereals, PP, which 
is weakly associated with PYD, may effect increases in PYD. 
Only in rare instances was there an actual decrease in PP 
and a large increase in GYD associated with HTSPYD, so the 
negative correlation is not as strong in these matings as 
might be expected from previous research (Clamot and Castille, 
1977; Jenkins, 1969; Iwig and Ohm, 1978). But it must be 
noted that the specific crosses which had an increase in PP 
over the midparent were also few and far between. Thus, 
some system is needed to monitor PP in a program for in­
creasing PYD. Cox (Department of Agronomy, Iowa State Uni­
versity, Ames, Iowa, unpublished data) suggested the use of 
independent culling levels with initial selection for GYD 
and then PP as the best method for maximizing PYD improvement 
while increasing PP at the same time. 
In conclusion, the number of matings utilized in this 
study and the number of F^-derived lines per mating were of 
extreme importance in finding (a) the lack of significant 
negative correlation between PP and GYD in some matings and 
F^-derived lines within matings, (b) the high transgressive 
segregates for the three traits PP, GYD, and PYD, particu­
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larly PP since only two rtiatings had HTSPP, and (c) the fact 
that two different mechanisms existed for increases in PYD 
(i.e., increases in GYD or concurrent increases in both 
GYD and PP). Without screening this amount of material, 
the specific genetic combination responsible for these re­
sults may have been missed. 
Further research in this area is necessary to discover 
if these results can be duplicated in other crop species. 
Sraon et al. (1975) and Iwig and Ohm (1978) reported cases 
where genes for high protein were transferred into high 
yielding, agronomically acceptable oat lines, so other in­
formation about Avena species seems to corroborate my re­
sults. Also, wheat studies that produced nonsignificant cor­
relations between PP and GYD and the creation of the variety 
Atlas 66 with high yield and increased grain-protein percent­
age illustrate the possibility of simultaneous improvement in 
both traits (Clark and Quisenberry, 1929; Middleton et al., 
1954a; Johnson et al., 1969; Frey, 1977). Thus, breakthroughs 
may be possible in other species. The discovery of mutants 
in barley (hiproly; Hagberg and Karlsson, 1969), corn (opaque-
2 and floury-2; Mertz et al., 1964; Nelson et al., 1965), and 
sorghum (Singh and Axtell, 1973) with elevated lysine con­
tents may make it possible to increase both the grain-protein 
percentage and grain yield in these species in the future. 
The lines in this study could be used in a recurrent 
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selection program to see if further increases could be made 
in PP, GYD, and PYD. One such program is currently being 
started in which three populations are being developed. One 
population consists of five F^-derived lines with high PYDs 
that have both increases due to PP and GYD. The second 
population consists of five F^-derived lines that have high 
PYDs derived from GYD increases only. The third population 
consists of the ten lines in the other two populations. 
These will be carried through several cycles of selection for 
higher PYD/acre. Information will be collected to study dif­
ferences which may exist for PYD increase in the three popula­
tions. It will be interesting to discover whether the three 
populations will show the same or different mechanisms for 
increasing PYD (i.e., whether PP will be increased with the 
increase in PYD in any or all of the populations) after 
several cycles of selection. 
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SUMMARY 
Twenty-seven oat matings, involving ten high-protein 
parents mated to four high-yield parents, were used to ex­
amine relationships between PP and GYD. In general, PP had 
a highly significant negative correlation (-0.33**) with 
GYD, and a small significant correlation with PYD (-0.09*). 
In contrast, PYD and GYD had a nearly perfect positive 
association (0.98**). Even though there was an overall 
negative correlation between PP and GYD, five matings (D209, 
D210, D211, D225, and D229) existed in which PP and GYD were 
inherited independently. Therefore, significant negative 
correlations obtained for whole populations may not give the 
true picture of the relationships that occur between traits 
in specific lines or in specific germplasm sources. As 
exemplified by these data, some F2-derived lines with both 
high PP and high GYD were obtained, indicating that both 
components could be used to increase PYD if the proper germ-
plasm sources are utilized. 
Only two matings contained HTSPP (D210 and D235). 
Neither of these matings had any HTSGYD, but both produced 
HTSPYD. In D210, since there were six HTSPP and no LTSPP, 
there are probably complementary effects of nonallelic 
factors from the two parents (B525-336 and CI 9271) for PP 
that complement one another epistatically. Nine matings 
produced HTSGYD, but only three of them (D225, D226, and 
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D233) had more than 5.0% of their progeny as high trans-
gressive segregates. In matings D225 and D233, the comple­
mentary genes for high GYD were probably epistatic, while 
those in D225 were probably additive since nearly equal num­
bers of high and low transgressive segregates occurred for 
GYD. Fourteen matings produced HTSPYD. Of the three which 
produced the most progeny that were HTSPYD (D210, D222, and 
D226), cortplementary gene interactions of the epistatic type 
were probably occurring. The availability of high trans­
gressive segregates, which were probably due in many cases 
to epistatic interactions, showed that the possibility of 
obtaining lines equal to or better than their high parent 
existed for PP, GYD, and PYD in most of the matings. 
The results of this study indicated that increases in 
PYD could be derived via different routes. When specific 
HTSPYD were compared to their midparent values, increases 
in PYD were found to be due to either increases in GYD 
alone or concurrent increases in PP and GYD. Four matings 
(D210, D226, D233, and D235) contain HTSPYD in which PYD 
increases were due to increases in both PP and GYD. Twelve 
matings (D206, D208, D209, D214, D221, D222, D226, D229, 
D230, D233, D234, and D236) produced HTSPYD.in which the 
PYD increase was due to GYD alone. Therefore, it is possible 
to exploit both the genetic variability for PP and GYD when 
selecting for high PYD in oats. 
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The parental source of high protein germplasm (i.e., 
(a) selections from an A. sativa bulk, (b) selections from 
three-way matings in which one of the initial parents was A. 
sterilis, and (c) commercial cultivars) did not seem to 
affect the transgressive segregates produced in matings. 
Specific genetic combinations of high-protein and high-yield 
parents were more important in determining which matings pro­
duced the best PPs, GYDs, and PYDs. 
These results suggest that possibly in other cereal 
species, as in oats, PP can not only be maintained but in­
creased in level concurrently with GYD increases in breeding 
programs designed to increase PYD. Thus, when breeding for 
increased PYD, consideration should not be given to GYD 
increases only. PP should be monitored also, so that the 
genetic variability present for both components (PP and GYD) 
can be utilized in the development of new cultivars with in­
creased PYD. It may be necessary, as in this study, to 
utilize more than one germplasm source in order to obtain 
complementary gene interactions that will result in high PP, 
high GYD, and high PYD. 
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APPENDIX 
Table Al. Mean squares from analyses of variance for six traits In each of 27 oat matlngs 
Mating Source of 
no. variation df GYD 
Mean squares 
PP PYD HI BWT SYD 
D205 Loc 3 341.09** 128.73** 23.53** 1162.50** 8213.29** 6008.49** 
Line 89 41.21** 1.77** 1.25** 16.82** 185.15** 70.84** 
Loc X line 267 18.54 0.58 0.63 9.20 92.89 39.92 
D206 Loc 3 338.42** 221.97** 38.61** 1803.92** 6739.20** 5888.22** 
Line 89 30.04** 0.71** 1.03** 12.28** 153.92** 62.47** 
Loc X line 267 18.85 0.37 0.70 8.63 86.82 35.50 
D207 Loc 3 20.79 60.86** 4.23** 406.23** 1943.63** 1603.87** 
Line 35 59.12** 2.14** 1.92** 32.42** 291.84** 118.58** 
Loc X line 105 17.15 0.78 0.64 10.53 85.86 38.36 
D208 Loc 3 388.64** 123.91** 16.44** 1300.16** 7086.26** 5403.49** 
Line 87 60.92** 2.45** 1.92** 37.88** 330.58** 151.58** 
Loc X line 261 22.77 0.58 0.77 14.24 82.04 31.71 
D209 Loc 3 553.34** 160.05** 30.07** 1672.29** 2499.54** 2234.87** 
Line 81 60.94** 1.64** 2.26** 32.75** 284.94** 105.00** 
Loc X line 243 21.90 0.84 0.80 13.03 103.07 40.46 
D210 Loc 3 334.65** 140.86** 27.74** 1644.95** 5145.66** 4488.62** 
Line 89 68.58** 2.85** 2.93** 34.85** 292.52** 103.76** 
Loc X line 267 17.31 0.69 0.71 11.37 82.37 36.49 
D211 Loc 3 49.45 89.17** 6.69** 1650.36** 3338.62** 3679.44** 
Line 80 45.97** 1.74** 1.64** 23.40** 252.76** 107.96** 
Loc X line 240 21.39 0.68 0.84 9.85 98.58 38.89 
**Indicates «Ignlflcance at the 1% level. 
Table Al. (Continued) 
Mating Source of Mean squares 
no. variation df GYD PP PYD HI BWT SYD 
D212 Loc 3 303.61** 62.30** 13.50** 506.25** 4806.74** 3016.03** 
Line 44 66.48** 1.48** 1.83** 36.15** 297.23** 111.85** 
Loc X line 132 17.40 0.43 0.56 14.44 74.80 31.40 
D213 Loc 3 160.92** 31.71** 11.24** 431.00** 4151.37** 2814.19** 
Line 26 53.32** 1.53** 1.56** 40.93** 199.38** 71.52** 
Loc X line 78 20.13 0.49 0.69 10.98 84.34 34.81 
D214 Loc 3 398.51** 135.01** 33.04** 1988.42** 7750.48** 6779.47** 
Line 83 63.05** 1.71** 1.98** 33.09** 316.28** 128.08** 
Loc X line 249 27.08 0.50 0.90 14.99 109.16 44.42 
D215 Loc 3 171.31** 34.90** 10.30** 2034.47** 5786.57** 5878.49** 
Line 89 38.70** 1.44** 1.18** 28.92** 188.70** 97.80** 
Loc X line 267 26.12 0.59 0.84 13.73 110.48 45.82 
D216 Loc 3 767.41** 62.80** 34.98** 1737.94** 8460.63** 6478.97** 
Line 89 49.75** 1.72** 1.43** 26.84** 251.10** 113.74** 
Loc X line 267 29.60 0.50 1.01 13.12 126.07 51.82 
D221 Loc 3 210.87** 47.47** 13.05** 1218.52** 6282.06** 4933.97** 
Line 89 54.98** 1.82** 1.94** 25.92** 327.90** 140.85** 
Loc X line 267 20.06 0.43 0.72 14.25 78.90 35.00 
D222 Loc 3 1169.02** 134.30** 66.88** 836.91** 16967.24** 9816.14** 
Line 89 40.95** 0.95** 1.34** 16.50** 180.28** 69.78** 
Loc X line 267 17.82 0.46 0.61 11.60 92.43 44.52 
D223 Loc 3 333.57** 164.29** 12.11** 2117.30** 2536.07** 3637.60** 
Line 89 53.04** 1.43** 1.56** 34.52** 255.89** 109.66** 
Loc X line 267 27.02 0.57 0.91 17.36 103.43 43.24 
Table Al. (Continued) 
Mating Source of Mean squares riauxtig 
no. variation df GYD PP PYD HI BWT SYD 
D224 Loc 3 297.99** 86.34** 25.30** 957.24** 6920.89** 4628.97** 
Line 89 55.30** 1.65** 1.56** 30.25** 297.04** 121.93** 
Loc X line 267 21.63 0.48 0.73 16.42 80.77 31.58 
D225 Loc 3 352.54** 69.15** 21.88** 684.72** 5332.41** 3682.74** 
Line 40 38.00** 1.06 1.07** 10.86 218.16** 88.67** 
Loc X line 120 18.65 0.72 0.59 10.70 72.65 30.53 
D226 Loc 3 1707.19** 186.59** 109.14** 383.75** 12139.58** 5347.93** 
Line 89 90.23** 2.89** 2.62** 24.23** 424.45** 148.21** 
Loc X line 267 22.25 0.68 0.73 10.47 100.96 42.62 
D227 Loc 3 966.89** 112.50** 61.00** 349.85** 9714.71** 4781.39** 
Line 89 41.03** 2.32** 1.28** 21.76** 270.69** 124.39** 
Loc X line 267 21.15 0.71 0.75 10.55 92.61 36.25 
D228 Loc 3 1308.25** 97.93** 55.18** 640.32** 12361.63** 6098.02** 
Line 89 60.93** 2.00** 1.55** 21.63** 301.49** 112.67** 
Loc X line 267 28.46 0.62 0.92 13.25 98.10 31.87 
D229 Loc 3 401.22** 88.56** 19.59** 1625.28** 9602.89** 7533.92** 
Line 89 30.46** 1.65** 1.15** 19.12** 184.42** 88.70** 
Loc X line 267 17.38 0.53 0.62 9.19 93.41 42.03 
D230 Loc 3 620.73** 77.46** 40.85** 747.78** 13240.28** 8437.01** 
Line 89 70.65** 2.06** 2.32** 39.69** 293.73** 109.00** 
Loc X line 267 17.93 0.41 0.66 11.33 97.17 45.77 
D232 Loc 3 746.46** 49.05** 40.31** 599.12** 9487.41** 5194.49** 
Line 89 37.49** 1.30** 1.24** 24.62** 201.04** 90.64** 
Loc X line 267 17.97 0.26 0.64 9.38 78.89 30.55 
Table Al. (Continued) 
Mating Source of Mean squares 
no. variation df GYD PP PYD HI BWT SYD 
D233 Loc 3 761.49** 68.10** 31.46** 1240.36** 11171.52** 7794.37** 
Line 89 50.40** 2.49** 1.49** 12.58* 268.61** 105.59** 
Loc X line 267 27.30 0.62 0.99 9.49 119.41 47.03 
D234 Loc 3 1083.02** 33.07** 50.39** 841.74** 13233.88** 7671.16** 
Line 89 52.25** 1.33** 1.56** 15.20** 245.21** 89.91** 
Loc X line 267 25.28 0.37 0.83 9.48 126.42 51.74 
D235 Loc 3 20.55 34.41** 1.16 1196.70** 3733.69** 3864.54** 
Line 68 49.27** 4.85** 1.60** 24.65** 234.90** 98.86** 
Loc X line 204 19.38 0.61 0.72 10.42 88.88 38.63 
D236 Loc 3 571.36** 67.59** 13.05** 1681.84** 5790.27** 4823.67** 
Line 69 87.88** 2.48** 2.73** 40.89** 444.28** 179.34** 
Loc X line 207 26.88 0.56 0.89 12.93 106.98 42.02 
*Indicates significance at the 5% level. 
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Table A2. Analysis of variance for groat-protein percentage 
calculated firom cornbined data for Pg-derived 
lines of oats 
source of 
variation 
Degrees of 
freedom Mean square 
Loc 3 27.4371 
HYD, GCA 3 0.3657 
HPR, GCA 5 5.1951* 
HYD*HPR, SCA 14 1.0004** 
HYD*LOC 9 0.4632** 
HPR*Loc 15 0.7816** 
Error 42 0.1743 
*,**Significant at the 5% and 1% level, respectively. 
Table A3. Analysis of variance for grain yield calculated 
from combined data for Fg-derived lines of oats 
source of 
variation 
Degrees of 
freedom Mean square 
Loc 3 107.8069 
HYD 3 1.6024 
HPR 5 64.5854** 
HYD*HPR 14 6.7956** 
HYD*Loc 9 4.0732* 
HPR*Loc 15 5.1208** 
Error 42 1.7907 
*,**Significant at the 5% and 1% level, respectively. 
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Table A4. Analysis of variance for protein yield calculated 
from combined data for F^-derived lines of oats 
Source of 
variation 
Degrees of 
freedom Mean square 
Loc 3 7.2854 
HYD 3 0.1221 
HPR 5 0.9938 
HYD*HPR 14 0.2108** 
HYD*Loc 9 0.2041** 
HPR*Loc 15 0.3314** 
Error 42 0.0528 
**Significant at the 1% level of probability. 
